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Abstract

Objective: The Unified Classification System (UCS) presents itself as an evolution of the
Vancouver Classification (VCS) for the evaluation of periprosthetic fractures of the
proximal femur (PPF). The aim of our study was to evaluate the interobserver and
intraobserver reliability, with the purpose of highlighting any loss of reproducibility or
validity of the new classification system, compared to the previous one, when applied to
the proximal femur.

Material and Methods: \We tested the interobserver and intraobserver agreement using
40 PPF clinical cases. Each classifying subtype of the UCS and VCS was present in at least
two cases. Six experienced hip surgeons (Senior Surgeon, SS) and 5 surgeons in training
(Junior Surgeon, JS) classified the clinical cases, twice using the VCS and twice with the
UCS. The validity of both classifications was then tested with intraoperative surveys.

Results: The mean k value for interobserver agreement for the VCS in the JS group was
0.65 (C1 95% = 0.57-0.70) and 0.81 for the SS group (0.74-0.88). The mean k value for
interobserver agreement for the UCS in the JS group was 0.63 (0.57-0.67) and 0.65 for
the SS group (0.59-0.73). The mean k value for intraobserver agreement for the MCS'in
the JS group was 0.71 (0.66-0.75) and 0.73 for the SS group (0.65-0.80). The mean'k
value for intraobserver agreement for the UCS in the JS group was 0.72 (0.67-0.76) and
0.7 for the SS group (0.65-0.75). The validity analysis showed a k value of 0.56 (0.52-
0.61) for the VCS (moderate agreement) and a k value of 0.64 (0.58-0:7) for the UCS
(good agreement).

Conclusion: The UCS completes the Vancouver classification, expanding it. It is reliable,
despite the increase in classification categories and numpber.of parameters to evaluate,
with a slightly higher validity.

Keywords: Vancouver classification system; periprosthetic fracture; total hip
arthroplasty; revision hip arthroplasty; validity; reliability; UCS



Introduction

In Italy, in the last 15 years, we have witnessed a 2.5% annual increase in the number of
primary arthroplasties (THA) and a 2.1% annual increase in prosthetic revisions (RTHA) [1]. This
is a worldwide trend that affects many industrialised countries [2-3]; in America, they have
estimated that the demand for THA will increase by 174% by 2030, with a 137% increase for
RTHA [4]. In the United Kingdom, with regard to the same period, they have estimated an
increase of 134% for THA and 31% for RTHA [5].

In Italy, periprosthetic fractures (PPF) are among the main causes of RTHA and account for
10.1% of them [1]. In the USA, revisions due to PPFs amount to 6.6%; the incidence of these
fractures is expected to increase by 4.6% per decade [6]. Post-operative PFFs occur in a post-
operative period equal to 7.4 years for THA and 3.9 years for RTHA [7]. The increase in use of
non-cemented prostheses is probably an integral part of this complication’s increased
frequency: in fact, the risk of developing a PPF with non-cemented prostheses is higher both
intra-operatively and post-operatively years later (20-year probability of 7.7% in uncemented
prostheses and 2.2% in cemented prostheses) [8]. Another factor that contributes to an
increase in the incidence of PPFs is the increased life expectancy of patients who have had
primary prosthetic implants in position for the past 20 years and have poor bone(quality [9]. In
fact, PPFs generally occur as a result of a spontaneous fracture or low-energystrauma [10.11],
while rarely due to high-energy trauma. The surgeon must have a clear vision of how to plan
the revision surgery, or the osteosynthesis, in order to better manage this serious
complication. The most used method for the evaluation of PPFs is thé\Vancouver Classification
System (VCS) that, by dividing the femur into different anatomical‘zones based on the fracture
level [fig. 1], and considering the presence or absence of a mobilisation‘of the components [fig.
2-3-4-5] and the quality of bone stock, is able to provide a practical'and valid system for the
management of these injuries [12]. Recently, another classification for PPFs has been put
forth: the Unified Classification System (UCS). This system lincorporates the VCS, though
expanding it by including two further fracture subtypes -when applied to the femur - that are:
type D, a fracture that occurs between two prostheticimplants (hip and knee)[fig. 6], and type
E, a fracture that occurs in both bones that'support aprosthetic implant (acetabulum and
femur)[fig. 7] [13]. The F type fracture, orfacetabular fracture in case of hemiarthroplasty, can
only be used when you take into consideration'the UCS applied to the acetabular side. As with
the VCS, the B subtypes are subdivided/onthe basis of implant stability and bone stock quality.
An effective classification requires‘easy'understanding, reproducibility, inclusiveness of all
possible presentations of the injury and ability to target a well-defined treatment. If we
consider the UCS as a logical evolution of the VCS, this increase in information and variables
must not undermine its reproducibility and validity. Hence, the purpose of our study was to
compare the interobserverand intraobserver agreement for the VCS and UCS, applied to the
same cases of femurperiprosthetic fracture, with the aim of highlighting any loss of
reproducibility or validity.

Matherials and Methods

We conducted a retrospective data analysis of patients who arrived at our trauma centre with
a PPF from 2013 to 2018. Our study included patients who had pre-operative hip digital
radiographs in anteroposterior and axial (cross-table lateral) views, lateral femur digital
radiograph, Computed Tomography (CT) scan and those who had detailed documentation
regarding the characteristics of the fracture and implant stability during surgery. We tested the
intraobserver and interobserver agreement using 40 patients with periprosthetic fractures
(cases) who were compatible with the inclusion criteria. Each subtype of both classifications
was present in at least two cases. The age, sex, time elapsed since THA surgery, radiographic
images and CT scans were provided for each case. All the cases were submitted to our
observers: 5 orthopaedic surgeons experienced in prosthetic hip surgery (Senior Surgeon, SS)



and 6 surgeons in training (Junior Surgeon, JS) classified these fractures on 4 separate
occasions. None of the observers had priorly participated in the treatment of the cases. They
were given 4 questionnaires with the same cases placed in random order through an IT
platform (Google Form, Google Inc.®). The cases in the first two questionnaires were classified
with the VCS, while the last two with the UCS. The tests were sent monthly. Each time the
guestionnaire was sent, the classification in question was summarised in detail. In a second
phase of the study, the validity of the two classifications was evaluated by comparing the
answers of all the surgeons in the two groups with the intraoperative findings. The data was
then analysed on IBM SPSS Statistic 25 using the Cohen k statistic to determine the agreement
between two observers (interobserver reliability) and between the evaluation of a single
observer in different points in time TO-T1 (intraobserver reliability) to test the validity for each
classification. For more than 2 observers in each group, the reliability mean value was
obtained by averaging the results of the Cohen k analysis for each pair in both groups - SS and
JS. The Landis and Koch criteria were used to interpret the Cohen k values: values ranging from
0.00 to 0.20 indicate a slight agreement; between 0.21 and 0.40 indicate a fair agreement;
between 0.40 to 0.60 a moderate agreement; between 0.61 and 0.80 a substantial agréement
and above 0.80 indicate an almost perfect agreement [14]. The Cohen k statistic was also used
to evaluate the agreement between each observer (both groups) and the operative findings.

Results

The interobserver agreement was estimated for the VCS and UCS within'all the"possible pairs
of SS and JS [TABLE1]. The mean k value for the interobserver agreement for;the VCS in the JS
group was 0.65 (Cl 95% 0.57-0.70) and 0.81 for the SS group (Cl 95% 0.74-0.88). The results
show a good agreement for the first group and an almost perfectiagreement for the SS group.
The mean value for the interobserver agreement for the UCS in.the JS group was 0.63 (Cl 95%
0.57-, 067) and 0.65 for the SS group (Cl 95% 0.59-0.73);/in this case, both results showed a
good agreement. The mean k value of the intraobserver agreement for the VCS in the JS group
was 0.71 (Cl 95% 0.66-0.75) and 0.73 for the SSgroup (CI'95% 0.65-0.80). The mean k value of
the intraobserver agreement for the UCS in the JSigroup was 0.72 (Cl 95% 0.67-0.76) and 0.7 in
the SS group (Cl 95% 0.65-0.75). Both scalesishow a substantial agreement in both groups,
with minimal variations.

Comparing all 40 clinical cases with thesdntra-operative findings, the Validity analysis showed a
value of 0.56 (95% Cl 0.52-0.61) fornthe'VCS (moderate agreement) and a k value of 0.64 (95%
Cl 0, 58-0.7) for the UCS (substantial agreement). [TABLE 2].

Discussion

Periprosthetic fractures arescomplications burdened by a high morbidity and mortality rate
[15]. Correctly classifying a fracture pattern allows surgeons to plan an effective treatment,
thus reducing the high costs inherent in this procedure [16,17].

Although the'Vancouver classification is currently the most widely used system, the UCS is
struggling to have the same successful diffusion. The VCS shows an almost perfect agreement
among the SS, while the UCS does not reach this degree of interobserver agreement in either
group. This figure could be either justified by the fact that surgeons with an extensive
experience have a greater familiarity with this classification system, or by the imperfect study
of the newly learned UCS, even if the methodology of the surveys was designed to minimized
this eventuality. In fact, all the surgeons examined use the VCS routinely in their clinical
practice. To the best of our knowledge, 3 other studies performed a validation study of the
VCS. The first validation study, performed by the group from which this classification
originated, showed an interobserver k value of 0.61 [18]. A European study performed by Ryan
et al., with 18 participants, 6 consultants, 6 surgeons in training and 6 medical students,



showed an interobserver k value of 0.72, 0.68 and 0.61, respectively. [19]. In 2012, Naqvi et al.
revalidated the classification with an interobserver reproducibility with a k value of 0.69 for
the consultants and 0.61 for the surgeons in training [20]. No nearly perfect agreement was
achieved in any interobserver reliability testing, except for with our study.

However, the validity does not reach a nearly perfect agreement in any of the studies
conducted. In previous studies, the validity reached a substantial agreement, in ours it reaches
a moderate agreement. The ability to establish implant stability in the fractures of subgroup B
through radiographic projections alone is disputed. The Swedish register analysis shows that
one of the causes of the high failure rate of periprosthetic fractures was precisely identified in
a failure to diagnose implant instability [21]. Corten et al., in their series of fracture cases pre-
operatively classified as B1, encountered an unstable intra-operative stem in 20% of cases
[22]. More recently, Lee et al. evaluated the VCS reliability and validity exclusively on type B
fractures in cementless prostheses [23]. The k value of the interobserver reproducibility was
0.45, with a 79% agreement in the validity analysis, pointing out the inadequacy of an
evaluation based solely on radiographic images alone as the cause for this low agreemeént..In
our clinical practice, CT scans carried out during the pre-operative study aid in the planning,
however this does not exempt us from an intra-operative assessment of the implant’s stability.

As for the UCS, two studies analyse the reproducibility applied to the proximal femur. Vioreanu
et al., from the group that developed the classification, performed a reliability assessment with
a panel of 11 international experts and 17 surgeons in training with a‘reproducibility of 0.8 and
0.69 respectively [24]. Subsequently, while performing an externalwalidation, Huang et al.
reported an interobserver reliability of 0.84 for the 3 consultants'and'0:76 for the 3 trainees
[25]. The validity, tested only in this study, is 0.69 with a substantial'agreement. The validity of
0.64 in our findings is in line with these results, which is higher than the agreement obtained
with the VCS. We must highlight that in this study validity was tested in all VCS and UCS types
of fractures, although the others study assessesionly type\B fracture. That decision was made
in order to compare classifications together: considering this purpose, comparing the validity
in type B fractures of both classifications would not have added information, because the
subtypes do not change between the two'systems. Therefore, a comparison of our validity
results with previous studies is not applicable.

However, the new classification modelfails to resolve the main VCS controversy, linked to the
difficulty of evaluating the stem’s stability in type B fractures. Other limitation is the absence
of some specific fracture pattern usually presents in PPF. Despite this, the purpose of the
introduction of the UCS seems;to be achieved, increasing the classification detail without
reducing the reproducibilitysand the validity of the previous classification. The main advantage
of the newly systemis the ability to provide further information directly related to the surgical
treatment, giving a full view of the entire segment and its articular relationship.

To overcome'the remaining limits Huang et al. modified the UCS for PPF of the femur,
introducing hew categories for pseudo trochantieric fractures that involves some diaphyseal
cortical portion and new categories for fractures around a broken stem [26]. The modified
classification has also been tested by the same group over more than four hundred cases,
revealing an high intra- and interobserver reliability, between substantial and almost-perfect
agreement [27]. Validity was tested also on type B showing 89.85% of agreement. Those
modifications of the Unified Classification could be useful in increasing both validity and
reliability of the system, but studies are needed to perform further validation of this system.

UCS can also be applied to other body areas. The same Group that proposed it performed an
assessment of the reliability applied to periprosthetic knee fractures [28]. The agreement was



substantial in interobserver reliability, with k value results of 0.74 for the panel of experts and
0.76 for the trainees; nearly perfect agreement in intraobserver reproducibility. Further
validations for the remaining body segments will allow us to attest to its universality.

Conclusions

The UCS classification appears to be equally reliable with respect to the Vancouver
classification, despite the fact that it introduces further evaluation parameters by opening the
view to the entire bone segment and to its articular relationships with the acetabular
prosthetic component. The UCS is an easy to use and easy to learn tool. Further studies will be
needed to allow us to evaluate reproducibility in the remaining body segments.

References

[1] Torre M, Laricchiuta P, Luzi | et al. Italian Arthroplasty Registry Project. Better data quality
for better patient safety. Fourth Report 2017 — Addendum. Roma: Il Pensiero
Scientifico Editore, 2018.

[2] Culliford D, Maskell J, Judge A, et al.; COASt Study Group. Future projections of total hip
and knee arthroplasty in the UK: results from the UK Clinical Practice Research
Datalink. Osteoarthritis Cartilage. 2015;23:594-600.

[3] Hooper G, Lee AJ, Rothwell A, et al. Current trends and projections in the utilisation rates of
hip and knee replacement in New Zealand from 2001 to 2026. N Z Med™.
2014;127:82-93.

[4] Kurtz S, Ong K, Lau E, et al. Projections of primary and revision‘hip and knee arthroplasty in
the United States from 2005 to 2030. J Bone Joint Surg’Am. 2007;89:780-5.

[5] Patel A, Pavlou G, Mujica-Mota RE, et al. The epidemiology of revision total knee and hip
arthroplasty in England and Wales: a comparative analysis with projections for the
United States. A study using the National Joint\Registry dataset. Bone Joint J. 2015;97-
B(8):1076-81.

[6] Pivec R, Issa K, Kapadia BH, et al. Incidence and,Future Projections of Periprosthetic
Femoral Fracture Following Primary,Total Hip Arthroplasty: An Analysis of
International Registry Data. J Long Term Eff Med Implants. 2015;25(4):269-75.

[7] Lindahl H, Malchau H, Herberts P, et«al. RPeriprosthetic femoral fractures classification and
demographics of 1049 periprosthetic femoral fractures from the Swedish National Hip
Arthroplasty Register. J Arthroplasty. 2005;20(7):857-65.

[8] Abdel MP, Houdek MT, Watts €D, et al. Epidemiology of periprosthetic femoral fractures in
5417 revision total:hipiarthroplasties: a 40-year experience. Bone Joint J. 2016;98-
B(4):468-74.

[9] Schwarzkopf R, Oni’JK, Marwin SE. Total Hip Arthroplasty Periprosthetic Femoral Fractures:
A Review.of Classification and Current Treatment. Bulletin of the Hospital for Joint
Diseases 2013;71(1):68-78.

[10] Froberg.L, Troelsen A, Brix M. Periprosthetic Vancouver type B1 and C fractures treated by
locking-plate osteosynthesis: fracture union and reoperations in 60 consecutive
fractures. Acta Orthop 2012;83(6):648-52.

[11] Lindahl H, Garellick G, Regnér H, et al. Three hundred and twenty-one periprosthetic
femoral fractures. ) Bone Joint Surg Am 2006;88(6):1215-22.

[12] Duncan CP, Masri BA. Fractures of the femur after hip replacement. Instr Course
Lect.1995;44:293-304.

[13] The Unified Classification System (UCS): improving our understanding of periprosthetic
fractures. Bone Joint J., 2014;96(B):713-6. 10.1302/0301-620X.96B6

[14] Landis JR, Koch GC. The measurement of observer agreement for categorical data.
Biometics 1977;33:159.

[15] Streubel PN. Mortality after periprosthetic femur fractures. J Knee Surg. 2013;26(1):27-30.



[16] Phillips JR, Boulton C, Morac CG, et al. What is the financial cost of treating periprosthetic
hip fractures? Injury. 2011;42(2):146-9.

[17] Jones AR, Williams T, Paringe V, et al. The economic impact of surgically treated peri-
prosthetic hip fractures on a university teaching hospital in Wales 7.5-year study.
Injury. 2016;47(2):428-31.

[18] Brady OH, Garbuz DS, Masri BA, et al. The reliability and validity of the Vancouver
classification of femoral fractures after hip replacement. J Arthroplasty 2000; 15(1):59-
62.

[19] Rayan F, Dodd M, Haddad FS. European validation of the Vancouver classification of
periprosthetic proximal femoral fractures. J Bone Joint Surg 2008;90:1576.

[20] Naqvi GA, Baig SA, Awan N. Interobserver and intraobserver reliability and validity of the
Vancouver classification system of periprosthetic femoral fractures after hip
arthroplasty. J Arthroplasty. 2012;27(6):1047-50

[21] Lindahl H, Malchau H, Odén A, et al. Risk factors for failure after treatment of a
periprosthetic fracture of the femur. J Bone Joint Surg [Br] 2006;88-B:26

[22] Corten K, Vanrykel F, Bellemans J, et al. An algorithm for the surgical treatment of
periprosthetic fractures of the femur around a well-fixed femoral component. J Bone
Joint Surg [Br] 2009;91-B:1424

[23] Lee S, Kagan R, Wang L, et al. Reliability and Validity of the Vancouver Classification in
Periprosthetic Fractures Around Cementless Femoral Stems. J Arthroplasty.
2019;34(7S):5277-5281

[24] Vioreanu MH, Parry MC, Haddad FS, et al. Field testing the Unified Classification System
for peri-prosthetic fractures of the pelvis and femur around a total hip replacement :
an international collaboration. Bone Joint J. 2014;96-B(11):1472-7

[25] Huang JF, Chen JJ, Shen JJ, et al. The reliability and validity,of the Unified Classification
System of periprosthetic femoral fractures after hip-arthroplasty. Acta Orthop Belg.
2016;82(2):233-9.

[26] Huang JF, Jiang XJ, Shen JJ, Zhong Y, Tong Pd;.Fan XH.:Modification of the Unified
Classification System for periprosthetic femoral fractures after hiparthroplasty. J
Orthop Sci. 2018 Nov;23(6):982-986.

[27] Fan MQ, Fan XH, Chen XL, Shen JJ, Jiang XJ;.Li XS, Huang JF. The Reliability and Validity of
the Modified Unified Classification System for Periprosthetic Femoral Fractures After
Hip Arthroplasty. J Orthop Sci..2020, Epub. DOI: 10.1016/].jos.2020.03.008

[28] Van der Merwe JM, Haddad FS, Duncan CP. Field testing the Unified Classification System
for periprosthetic fractures ofthe femur, tibia and patella in association with knee
replacement: an international collaboration. Bone Joint J. 2014;96-B(12):1669-73



Table 1: Interobserver and Intraobserver agreement of VCS and UCS. JS= Junior

Surgeon; SS= Senior Surgeon

Interobserver Intraobserver

mean (95% CI) Mean (95% CI)

JS — Vancouver Classification System 0.64 (0.57-0.70) 0.71 (0.66-0.75)
SS — Vancouver Classification System 0.81 (0.74-0.88) 0.73 (0.65-0.80)
JS — Unified Classification System 0.62 (0.57-0.67) 0.72 (0.67-0.76)
SS — Unified Classification System 0.66 (0.59-0.73) 0.7 (0.65-0.75)

Table 2: Validity and Confidence Interval

Validity (mean) 95% Confidence Interval

Vancouver Classification System 0.56 0.52-0.61

Unified Classification System 0.64 0,58-0,7




Figure 1: Agt type periprosthetic femur fracture according to VCS and UCS



Figure 2: B1 type periprosthetic femur fracture according to VCS and UCS



Figure 3: B2 type periprosthetic femur fracture according to VCS and UCS



Figure 4: B3 type periprosthetic femur fracture according to VCS and UCS



Figure 5: C type periprosthetic femur-fracture according to VCS and UCS



Figure 6: C type periprosthetic femur fracture according t0. VCS; D type fracture

according to UCS



Figure 7: B1 type periprosthetic femur fracture according to VCS; E type fracture

according to UCS



