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Abstract

Periprosthetic fracture associated with joint replacement is a common reason for revision arthroplasty and is
increasing. Establishing universal principles of management is essential for good outcomes and a classification system
that not only classifies, but offers these principles, is critical to achieve this. The Vancouver Classification System
(VCS) for periprosthetic fractures involving total hip arthroplasty is validated across North America and Europe. It does
not, however, consider other periprosthetic fractures in different joints. The Unified Classification System (UCS) was
developed to incorporate the classification and treatment principles of all periprosthetic fractures in any anatomic
location. The system is based on the simple mnemonic “ABCDEF” which corresponds to fractures characterized by
the following anatomic descriptors: 1) apophyseal; 2) bed of the implant; 3) clear of the implant; 4) dividing the bone
between two arthroplasties; 5) each of two bones supporting one arthroplasty; 6) facing and articulating with an
implant. Initial validation for the UCS shows substantial and near-perfect inter and intra-observer agreement.
Given this performance, it has the potential to evolve into the gold standard classification system for periprosthetic
fractures in any joint that they occur.
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Pedepar

[TepuripoTe3Hsbie repeioMbl ITOC/Ie SHAONPOTE3MPOBAHMS CYCTABOB SIBJISIIOTCS YaCTOM IPUUMHON PeBU3NIA, U YUCIIO
TOIOOHBIX OCIOKHEHNH yBemuuBaeTcst. KpUTIYHO BasKHBIM JIJIST TOCTVKEHNST XOPOIIMX MCXOOB SIBISIETCSI OTIpezere-
HIe YHVMBepCalIbHBIX IPVHLIMIIOB JIeYeHNs, & TAKKe CcucTeMa Kiaccuduraumm, KoTopasi He TOIbKO CUCTeMaTU3UpPyeT
TIepeIoMbI, HO U TIpe/ijiaraeT IPUMHINIILI JedeHns. B CeBepHoit AMepuke u EBpore npuHsTa BaHKyBepckasi KJIaccu-
(uxanus nepumnpotesHbix nepenomos (Vancouver Classification System, VCS) mpu TOTa/IbHOM 9HAOMPOTE3UPOBAHUM
Ta306eqpeHHOTro cycTaBa. OqHAKO, JAaHHAS CUCTEeMa He YUYUTHIBAET MePUIPOTe3HbIe TIepeioMbl B 06/1aCTH APYTUX CYyC-
taBoB. Enunas kinaccudukaryst (Unified Classification System, UCS) o6benyHsieT B ce6e MPUHIIUITBI CUCTEMaTU3alUK
1 JIeYeHs BCeX ITePUITPOTE3HBIX MTEePeIOMOB JIt06071 ToKam3anym. KomriekcHast KinaccuduKanysi OCHOBbIBAeTCS Ha
IpocToii MHeMOHMYecKoit «xABCDEF» cxeme 0603HaUeHMsI TIePETIOMOB, MCXOASI U3 CIeAYIOIMNX aHATOMUYECKUX UIEH-
TdukaTopoB: 1) anodusapHblit WIM BHeCYCTaBHOI/Upe3cycTaBHOI niepenoM (Apophyseal); 2) nmepenom, 3aTparuba-
IOIIMIA JIO3Ke, MJIM KOCTHBIE CTPYKTYPBI BOKpYT IpoTe3a (Bed of implant); 3) mepenomM BHe JOKanu3alum mpoTesa Uiamu
niocie ero ymanenust (Clear of the implant); 4) mepesiom IIMHHBIX KOCTE, COEOMHSIIOMMX JBA 3aMeIeHHbIX CyCTaBa
(Dividing the bone between two arthroplasties); 5) mepenom 06enx KOCTe, BOBJIEYEHHBIX B apTPOILIACTUKY OIHOTO
cycrasa (Each of two bones supporting one arthroplasty); 6) mepesomM cycTaBHO ITOBEPXHOCTHM TIOC/IE TeMUapTPOILIa-
tuku (Facing and articulating with an implant). ITepBas npoBepka Ennnoit kmaccudurauym (UCS) mpomeMoHCTpU-
poBaja 3HaYUTENbHYIO ¥ BBICOKOHAJEKHYIO COITIACOBAHHOCTDb 3aK/IIOUEHMI OJHOTO M HeCKONbKUX McCaemoBaTesneit
B OTHOILIEHUY ee TIpUMeHeHMsI. YUMUThIBASI TOTyYeHHbIe pe3y/IbTaThl, IpefjaraemMasi CucTeMa MOKeT CTaTh «30/I0ThIM
CTaHJIAPTOM» KIacCUPUKAIMY TePUTTPOTE3HBIX TIEPETIOMOB B 06/1aCTH JIFO60TO CycTaBa.
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Introduction

Periprosthetic fractures associated with joint re-
placement are increasing in prevalence. They have
been reported as among the most common reasons
for revision in the Swedish, Australian and United
Kingdom joint registries [1-3]. Treatment of these in-
juries is challenging and can be associated with poor
outcomes. Therefore, it is of paramount importance
to establish universal principles of management that
promote good outcomes. A system that not only clas-
sifies, but offers principles in management, is critical
to achieve this.

A useful classification system incorporates clinical
and radiographic information to guide management,
offer a prognosis and allow for appropriate comparison
of outcomes among other surgeons and centers [4].
In addition, it should be reliable and have good inter
and intra-observer agreement. Various classification
systems have been outlined as they apply to different
joints. The Vancouver Classification System (VCS) for
periprosthetic fractures involving total hip arthro-
plasty [5] has been subjected to validation testing in
North America and Europe [4, 6]. This system, how-
ever, does not take into account other periprosthetic
fractures within other joints. Furthermore, other ana-
tomic locations, such as the patella, have multiple
classification systems [7—10]. This lead to the devel-
opment of the Unified Classification System (UCS)
which incorporates classification and treatment prin-
ciples of all periprosthetic fractures. Initial validation
studies involving two field studies show substantial
and near-perfect inter- and intra-observer agreement
[11, 12]. An overview of this system is presented and
will focus on periprosthetic fractures of the hip while
a more comprehensive application to other joints is
described in the original publication [13].

The goals of the UCS are threefold:

1. To expand on the VCS with three new fracture
patterns that were not initially included.

2. To apply it to all joint replacements regardless of
what joint has been replaced and what bone is broken.

3. To propose a common, simple language that al-
lows clear communication among different centers
and surgeons, and promotes uniform collection of
data for registries and outcomes research.

The UCS Mnemonic and Types

In order to understand and easily recall the frac-
ture types within the UCS, the following simple mne-
monic has been developed:

Type A: Apophyseal
Type B: Bed of the implant
Type C: Clear of the implant bed

Type D: Dividing the bone between two
arthroplasties

Type E: Each of two bones
arthroplasty

Type F: Facing and articulating with an implant al-
though the bone itself is not resurfaced or replaced.

Type A is a fracture that involves an apophysis or
protuberance of bone to which soft tissue structures
are attached. Common examples are the greater and
lesser trochanters of the femur as well as greater and
lesser tuberosities of the humerus. Others include the
upper or lower poles of the patella and the patellar tu-
berosity of the tibia (Fig. 1, 2). Fractures of the lesser
trochanter of the femur can extend into the bed of
the implant and are more appropriately classified as
a UCS B2 (Fig. 2).

Type B involves the bone supporting or very close-
ly adjacent to an implant (Fig. 3-5). Typical examples
include the shaft of the humerus, femur or tibia asso-
ciated with a stemmed component or a fracture of the
glenoid, acetabulum or patella that have been resur-
faced. As with the VCS [5], adequate sub-classification
is required to apply the appropriate principles. In Bl
types the implant is well fixed while in B2 types it is
loose. In the B3 type the implant is loose and asso-
ciated with poor bone stock as a result of osteolysis,
osteoporosis or severe comminution.

Type C involves a fracture which is distant to,
or separated from the bed of the implant (Fig. 6).
Examples include fracture of the femoral, tibial or
humeral shaft well distal to the stem of the implant
or involving the hemipelvis adjacent to a hip replace-
ment that does not extend into the acetabulum.

Type D involves a fracture of a long bone which
supports two joint replacements (Fig. 7). The most
common example involves the femur after a hip and a
knee replacement. Other examples include a humerus
fracture following shoulder and elbow replacement or
the tibia following knee and ankle replacement.

Type E involves two bones supporting one replace-
ment. Examples include the acetabulum and femur
after hip replacement, femur and tibia after knee
replacement or the humerus and ulna after elbow re-
placement (Fig. 8).

Type F is uncommon and involves fracture of
a joint surface that is not replaced but is articulating
with an implant. The most common example is that
of an acetabular fracture facing a unipolar or bipolar
hemiarthroplasty of the hip. Other examples include
the glenoid after humeral hemiarthroplasty or the pa-
tella after knee replacement in which the patella was
nor resurfaced. In current practice, this subtype can
only involve the glenoid, lateral humeral condyle, ac-
etabulum or patella (Fig. 9).

supporting one
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Fig. 1. Demonstrating UCS type A fracture patterns:
a — anteroposterior radiograph of a left hip arthroplasty demonstrating a UCS type A fracture of the lesser trochanter.
It does not require surgical management as the implant stability is not compromised and its soft tissue attachment
(iliopsoas tendon) is not vital for hip function;
b — anteroposterior radiograph of a right hip arthroplasty demonstrating a UCS type B2 fracture.

Despite its involvement of the lesser trochanter, careful analysis reveals that is involves the bed of the implant with
subsidence of the stem. Surgical intervention is required for this pattern

Treatment Principles

Type A. Treatment of these fractures involves two
important questions:

1) How important is the attached soft tissue to the
function of the adjacent joint replacement?

2) Is the fracture displaced?

If the attachments are unimportant then the frac-
ture can be managed non-surgically despite displace-
ment. Common examples of this include the lesser
trochanter of the femur (See fig. 1) or the coracoid
process of the scapula. The Illiopsoas tendon or cora-
coacromial ligament are not considered critical for
prosthetic joint function. Fractures of the greater tro-
chanter, distal pole of patella or avulsion of the deltoid
ligament should be surgically addressed when dis-
placed as their respective attachments are important
for associated prosthetic joint function (See fig. 2).

Type B. Management of these injuries depends on
the subtype (Fig. 3-5). If it is classified as B1, manage-
ment will depend on the previously determined out-
comes of operative vs nonoperative treatment of the
fracture type. For example, fracture of the femur around
a well fixed proximally coated stem is best managed
with minimally invasive plate osteosynthesis (MIPO)
[14, 15]. In the case of a B2 fractures, revision with a
longer stem is a common method of treatment. For B3
fractures, a more complex reconstruction will sometimes
be required. In the case of femoral B2 and B3 fractures,
revision with long tapered fluted stems is a generally ac-
cepted treatment method with good outcomes [16-21]
however more complex options may be required for
some B3 patterns. These principles of management,
namely implant stability and bone quality, are also be
applied to other regions of the skeleton (Fig. 5).

Fig. 2. Anteroposterior radiograph demonstrating a UCS type A fracture of the greater trochanter adjacent to
a femoral prosthesis (a); lateral radiograph demonstrating a UCS type A involving the inferior pole of the patella.
Both fractures require surgical management for proper joint function (b)
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Fig. 3. Demonstrating UCS B1 and B2 fractures:

a — anteroposterior radiograph of a UCS B1 femur fracture in which the prosthesis remains stable.

This fracture is best managed with a MIPO technique;

b — anteroposterior radiograph of a UCS B2 femur fracture in which the prosthesis is loose;
¢ — anteroposterior radiograph of a UCS B2 acetabular fracture.

Revision arthroplasty is required for both 3b and c

Type C. These fractures are managed based on
modern principles of fracture management and the
prosthesis can generally be ignored. Specialized tech-
niques such as unicortical screws or cerclage wires
may be required if the fixation plate overlaps the bed
of the implant (Fig. 6).

Fig. 4. Demonstrating UCS B3
fractures around a total hip

and total knee replacement:

a — anteroposterior radiograph

of the pelvis and femurs showing
a UCS B3 fracture of the femur;

b — anteroposterior radiograph

of the pelvis showing a UCS B3
fracture of the tibia.

Both fractures will require revision
arthroplasty with specialized
techniques to address the poor bone

quality

Fig. 5. Demonstrating the utility of the UCS

to classify periprosthetic fractures in other regions

of the body:

a — lateral radiograph of a UCS B2 fracture involving

the ulnar implant of a total elbow prosthesis;

b — anteroposterior radiograph of a UCS B3 fracture
involving the humeral implant of a total elbow prosthesis.
As per the principles of management in total hip and total
knee arthroplasties, revision arthroplasty of each of these
patterns is required.

In Figure 5b a complex reconstruction will need
consideration

Type D. An exercise, termed “block out analysis”
is useful for management of this uncommon type.
The most common type is a fracture involving the
femur between a hip and knee arthroplasty (Fig. 7).
The surgeon is prompted to block out the knee while
analyzing or classifying the fracture with reference
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to the hip. Next the hip is blocked out while the frac-
ture is analyzed with reference to the knee. From this
will flow a type B or C for each joint, and a rational
treatment plan. In Figure 7, this block out analysis
reveals a type C for the hip and a type C for the knee.
Therefore, the fracture can be managed as a C for
each joint and the arthroplasties do not need to be
touched.

Type E. The “block out analysis” is also useful for
these fractures. Each fracture, bone stock and implant
stability are assessed on each side of the arthroplasty.
In Figure 8 there is a fracture involving both bones
that support a hip replacement; therefore type E. If
the femur is blocked out, it clearly is a type B3 for the
acetabulum requiring complex reconstruction. While
if the acetabulum is blocked out, it is a B2 for the fe-
mur and a less complex stem revision will suffice.

Fig. 6. Demonstrating UCS type C involving

the femur and the humerus:

a — anteroposterior radiograph of a UCS type C
involving the femur distal to a femoral stem;

b — anteroposterior radiograph of a UCS type C
involving the humerus distal to a proximal humeral
resurfacing.

Both fractures are managed based on principles

of femoral and humeral shaft fracture fixation
independent of the prosthesis

Fig. 7. Demonstrating a UCS type D of the femur:
a — “block our analysis” of the knee reveals a UCS
type C of the femur;

b — blocking out the hip also reveals a UCS type C
of the knee.

As such, both fractures are managed as UCS type C
fractures

Fig. 8. Demonstrating “block out analysis” of a UCS type E fracture:

a — anteroposterior radiograph of a left UCS type E pattern involving the femur and acetabulum;

b — blocking out the femur reveals a UCS type B3 of the acetabulum,;

¢ — blocking out the acetabulum reveals a UCS type B2 of the femur;

d — application of the UCS principles indicates that the most appropriate management is a complex revision
of the acetabulum with a revision arthroplasty and fixation of the femur
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Type F. Management of these fractures depends
on the degree of displacement as well as the general
health and level of function of the patient. A mildly
displaced acetabular fracture, for example, could be

managed non-operatively with a delayed total hip
arthroplasty for persistent symptoms. Displaced frac-
tures may require early osteosynthesis in the appro-
priate surgical candidates (Fig. 9)

Fig. 9. Demonstrating a UCS type F fracture of the hip and knee:

a — anteroposterior radiograph of a UCS type F fracture of the acetabulum. In the appropriate clinical scenario,
this pattern could be managed with delayed conversion to a total hip arthroplasty, if required;

b — lateral radiograph of a UCS type F fracture of the superior pole of an unresurfaced patella in which surgical

intervention is required

Discussion

The UCS was constructed based on the need for
a more standardized and universal classification sys-
tem of periprosthetic fractures. Ideally, this would en-
courage a more standardized treatment algorithm and
improved communication among health care provid-
ers which in turn would lead to improved patient care.
Furthermore, a good classification system should be
easily recalled and applied such that experts and non-
experts are able to utilize it effectively. The widely
accepted and validated principles of the VCS [4-6],
namely fracture location, implant stability and bone
quality, have served as a platform on which the UCS
has been based. Despite some increased complexity,
the UCS has performed extremely well in two separate
studies, focusing on total knee and total hip peripros-
thetic fractures. Both studies compared the inter and
intra-observer kappa agreement in “pre-experts”
(resident Orthopaedic trainees) to “experts” (fellow-
ship trained orthopaedic surgeons with an interest in
reconstructive surgery). The inter and intra-observer
agreement in both studies among the experts was
very high while the agreement in pre-experts was only
slightly lower. As such, the UCS is not only valuable as
a communicative tool amongst experts, but is also a
valuable learning tool for trainees.

The UCS is an easily applied classification system
that promotes standardized management principles

of periprosthetic fractures. The substantial agreement
of the UCS between observers of varied levels of ex-
perience emphasizes the simplicity of its application.
In the age of subspecialized Orthopaedics, a common
language of classification is important to promote pa-
tient-centered care. Given its current performance to
reliability testing, the UCS has the potential to evolve
into the gold standard classification for periprosthetic
fractures for any joint in which they occur.
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MHOOPMALMA OB ABTOPAX:
JIuza K. Xosapd — Bpad ¥ HAy4YHbIIi COTPYIHUK, OTIE-

JIleHVe BOCCTAHOBMTENBHOM XMUPYpPIruyu Ta300eIpeHHOTO
1 KOJIEHHOTO CYCTaBOB, Kadenpa oproneany, YHUBEpCUTET
Bpuranckoit Komym6un, Baukysep, Kanaga

Knatie I1. /laHkaH — tipodeccop, MOYETHBIN Mpence-

nmarenb, Kadempa oproremuy, YHUBEpCUTET BpuraHCckoii
Komym6uu, Bankysep, Kanaga
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