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ABSTRACT

Tibia plateau fractures are relatively uncommon, but they are among the most
challenging intra-articular fractures to treat. These fractures can lead to early
posttraumatic osteoarthritis (OA) and cause disability and constant pain. Currently,
WKHPRVWFRPPRQWUHDWPHQWLVRSHQUHGXFWLRQDQGVWDEOHLQWHUQDO¿[DWLRQ 25,) 
allowing early mobilization of the knee. Tibial plateau fractures can be associated
with several concomitant soft tissue injuries of the knee. Historically, the operative
WUHDWPHQWZLWKLQWHUQDO¿[DWLRQKDVDOVREHHQUHODWHGWRDQLQFUHDVHGULVNIRUVHULRXV
wound complications.
The purpose of this study was to investigate the current management and
RXWFRPH RI SUR[LPDO WLELD IUDFWXUHV 7KH VWXG\ SRSXODWLRQ FRQVLVWHG RI YDULRXV
JURXSVRISDWLHQWVZLWKSUR[LPDOWLELDIUDFWXUHVWUHDWHGEHWZHHQDQG
at our level I trauma center. The study aimed to determine factors predicting the
development of posttraumatic OA following tibial lateral or medial plateau fractures.
Another focus was on the incidence of concomitant injuries after the most common
lateral plateau fracture type and the need for MRI as a diagnostic tool when treating
these fractures. Finally, the predictors for deep surgical site infection after plate
¿[DWLRQRISUR[LPDOWLELDIUDFWXUHZHUHH[DPLQHG
The results showed that relatively good functional outcome can be predicted after
LQWHUQDO¿[DWLRQRIODWHUDODQGPHGLDOWLELDOSODWHDXIUDFWXUHV+RZHYHUSDWLHQWV
with lateral plateau fractures with residual depression of the articular surface >2
PP RU YDOJXV GHIRUPLW\ ! KDG VLJQL¿FDQWO\ PRUH VHYHUH .HOOJUHQ/DZUHQFH
JUDGH± SRVWWUDXPDWLF2$7KHPRVWVLJQL¿FDQWSUHGLFWRURISRVWWUDXPDWLF2$
after medial plateau fracture was the amount of initial depression of the articular
surface measured from the preoperative computer tomography, while the quality
of reduction was not found to predict OA.
05,KDGORZVHQVLWLYLW\DQGVSHFL¿FLW\LQWKHGLDJQRVLVRIFRQFRPLWDQWLQMXULHV
in the lateral tibial plateau fracture setting. Also nearly all of the clinically relevant
concomitant injuries could be treated through the same lateral arthrotomy at the
time of ORIF without the need for additional arthroscopy.
7KHUH LV KLJK PRUELGLW\ DVVRFLDWHG ZLWK GHHS 66, LQ SODWHG SUR[LPDO WLELDO
IUDFWXUHV3DWLHQW¶VDJH\HDUVREHVLW\KLVWRU\RIDOFRKRODEXVHDQG$2W\SH
C fracture are independent risk factors for infection. Performing a fasciotomy also
increases the risk of deep infection and should be done with meticulous technique
only when deemed necessary.
Keywords: SUR[LPDOWLELDIUDFWXUHODWHUDOSODWHDXPHGLDOSODWHDXVXUJLFDOVLWH
infection, posttraumatic arthritis, concomitant injury
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TIIVISTELMÄ

Sääriluun yläosan kondyylimurtumat ovat suhteellisen harvinaisia vammoja,
PXWWD WRLVDDOWD \OHHQVl YDUVLQ YDDWLYLD MD KDDVWHHOOLVLD KRLWDD .RVND PXUWXPLLQ
liittyy polven kantavan nivelpinnan rikkoutuminen, ne voivat helposti johtaa
ennenaikaisen nivelrikon kehittymiseen ja pysyvään toiminnan alenemiseen ja
kipuun. Operatiivisen hoidon tarkoituksena on palauttaa nivelpinnan kongruenssi
MD VDDYXWWDD VWDELLOL ¿NVDDWLR MRND VDOOLL SROYHQ YDUKDLVHQ PRELOLVDDWLRQ /XLVHQ
murtuman lisäksi kondyylimurtumiin liittyy riski pehmytkudoksiin kohdistuvista
liitännäisvammoista, kuten nivelkierukkavaurioista ja nivelsidevammoista.
$YRLPHHQ UHGXNWLRRQ MD VLVlLVHHQ ¿NVDDWLRRQ RQ SHULQWHLVHVWL OLLWW\Q\W P\|V
suurentunut vakavien haavakomplikaatioiden riski.
Tutkimuksen tarkoituksena oli selvittää kondyylimurtumien nykyhoitoa ja hoidon
tuloksia. Tutkimusaineisto koostui eri ryhmistä, joille oli tehty kondyylimurtuman
YXRNVLOHLNNDXV7||O|QVDLUDDODVVDYXRVLQD±7XWNLPXNVHQWDYRLWWHHQD
ROL VHOYLWWll HQQHQDLNDLVHQ QLYHOULNRQ NHKLWW\PLVHQ ULVNLWHNLM|LWl VllULOXXQ
sisemmän ja ulomman nivelnastan murtuman jälkeen. Lisäksi tarkasteltiin
pehmytkudosliitännäisvammojen insidenssiä sekä magneettikuvauksen
tarpeellisuutta yleisimmän murtumatyypin eli ulomman nivelnastan murtuman
GLDJQRVWLLNDVVD7XWNLPXNVHVVDVHOYLWHWWLLQP\|VULVNLWHNLM|LWlV\YlOOHKDDYDLQIHNWLROOH
sääriluun yläosan murtuman levytyshoitoon liittyen.
Tutkimus osoitti että nykyisellä levytyshoidolla on saavutettavissa keskimäärin
verrattain hyvä funktionaalinen lopputulos. Ulomman nivelnastan murtumien
hoidossa nivelpinnalle jäänyt >2 mm painuma tai >5° valgiteetti johtivat
WLODVWROOLVHVWL WRGHQQlN|LVHPPLQ KDQNDODQ .HOOJUHQ/DZUHQFH ± DVWHHQ 
nivelrikon kehittymiseen. Sisemmän nivelnastan murtumien hoidossa murtuman
primaaridislokaation määrällä näytti olevan selvästi merkitystä posttraumaattisen
nivelrikon kehittymiselle, kun taas saavutetun reduktion laadulla ei ollut selvää
merkittävyyttä.
Tutkimuksessa kävi ilmi että magneettikuvauksen herkkyys ja tarkkuus on
verrattain alhainen liitännäisvammojen diagnostiikassa kun kyseessä on ulomman
nivelnastan murtuman käsittävä polvi. Lähes kaikki kliinisesti merkittävät
liitännäisvammat voitiin hoitaa saman artrotomian kautta, jota käytettiin murtuman
reduktioon ja näin ollen polvinivelen tähystyksen merkitys jäi vähäiseksi.
Osoitimme että sääriluun yläosan levytyksen jälkeiseen haavainfektioon liittyy
merkittävä morbiditeetti. Erityisesti yli 50-vuotiaat, ylipainoiset ja alkoholin
suurkuluttajat ovat riskissä saada syvä haavainfektio levytyshoidon jälkeen.
0\|V KDQNDODPSL PROHPPDW NRQG\\OLW NlVLWWlYl PXUWXPD DOWLVWDD LQIHNWLROOH
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Aitiopainesyndrooman vuoksi tehdyt faskiotomiat lisäävät selvästi infektioriskiä
ja ne tulisi suorittaa huolellista kirurgista tekniikka noudattaen silloin kun ne on
arvioitu tarpeellisiksi.
Avainsanat: sääriluun yläosan murtuma, ulompi nivelnasta, sisempi nivelnasta,
infektio, posttraumaattinen nivelrikko, liitännäisvamma
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ABBREVIATIONS

ACL
anterior cruciate ligament
$.66
$PHULFDQ.QHH6RFLHW\6FRUH
AO
Arbeitsgemeinschaft für Osteosynthesefragen
AP
anteroposterior
$5,)
DUWKURVFRSLFUHGXFWLRQDQGLQWHUQDO¿[DWLRQ
ASA
American Society of Anesthesiologists
%0,
ERG\PDVVLQGH[
&,
FRQ¿GHQFHLQWHUYDO
CT
computer tomography
HSS
Hospital for Special Surgery
,&'
,QWHUQDWLRQDO&ODVVL¿FDWLRQRI'LVHDVHV
./
.HOOJUHQ/DZUHQFH
.226 .QHHLQMXU\DQG2VWHRDUWKULWLV2XWFRPH6FRUH
LCL
lateral collateral ligament
m.
muscle (Latin musculus)
MCL
medial collateral ligament
MRI
magnetic resonance imaging
OA
osteoarthritis
OR
odds ratio
25,)
RSHQUHGXFWLRQDQGLQWHUQDO¿[DWLRQ
OTA
Orthopaedic Trauma Association
PCL
posterior cruciate ligament
ROM
range of motion
SSI
surgical site infection
7.$
WRWDONQHHDUWKURSODVW\
:20$& :HVWHUQ2QWDULRDQG0F0DVWHU8QLYHUVLWLHV2VWHRDUWKULWLV,QGH[
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1. INTRODUCTION

7LELD SODWHDX IUDFWXUHV DUH UHODWLYHO\ XQFRPPRQ DFFRXQWLQJ IRU DSSUR[LPDWHO\
1% of all fractures. They are among the most challenging intra-articular fractures
to treat. Tibia plateau fractures vary in severity from usually low-energy lateral
plateau fractures to comminuted, high-energy bicondylar fractures. These injuries
may result in premature osteoarthritis (OA) and constant pain and disability. The
aim of operative treatment is anatomic reduction of the joint surface, restoration
RIWKHDQDWRPLFDOD[LVDQGVWDEOH¿[DWLRQDOORZLQJHDUO\PRELOL]DWLRQRIWKHNQHH
DQGSUHVHUYLQJWKHIXQFWLRQDOUDQJHRIPRWLRQ,QWKHVWUHDWPHQWRISUR[LPDO
tibia fractures was mainly conservative, which led to poor radiological results. In
WKHVULJLGSODWH¿[DWLRQIURPRQHH[WHQVLYHDSSURDFKJDLQHGSRSXODULW\EXW
was often accompanied by serious complications. In the early 1990s, infection
rates as high as 80% were reported after operative treatment of tibial plateau
fractures (Mallik et al. 1992, Young and Barrack 1994). This led to the development
of minimally invasive reduction techniques such as isolated lateral plating with
PHGLDOH[WHUQDO¿[DWLRQDQGK\EULGH[WHUQDO¿[DWLRQ8QIRUWXQDWHO\VDWLVIDFWRU\
UHGXFWLRQRIFRPPLQXWHGDUWLFXODUVXUIDFHVZLWKLQGLUHFWWHFKQLTXHVLVGLɤFXOW
if not impossible. Over the last decade, a change in clinical practice focusing on
SUHVHUYDWLRQRIWKHVRIWWLVVXHHQYHORSHLQFOXGLQJGHOD\HGGH¿QLWLYHVXUJHU\DQG
careful soft tissue handling, has resulted in a decrease in wound complications after
SODWH¿[DWLRQ %DUHLHWDO(JROHWDO 6WLOOGHHSLQIHFWLRQUDWHVRIXS
to 24% have been reported, especially in comminuted fractures (Manidakis et al.
0RUULVHWDO5XɣRORHWDO 
According to previous studies, the incidence of posttraumatic OA after tibial
plateau fracture has varied from 20% to 44% (Rasmussen 1972, Volpin 1990,
Honkonen 1995, Rademakers et al. 2007). However, only 7% of patients were
found to develop posttraumatic OA needing arthroplasty in a 10-year follow-up
(Wasserstein et al. 2014).
Concomitant injuries related to tibial plateau fractures are also common. The
use of magnetic resonance imaging (MRI) is nowadays more common due to easier
accessibility. MRI studies of tibial plateau fractures have shown that concomitant
injuries, such as meniscal tears and cartilage lesions, occur with an incidence as high
DV±$UWKURVFRSLFUHGXFWLRQDQGLQWHUQDO¿[DWLRQ $5,) RIWLELDOFRQG\OH
fracture has gained popularity during the last two decades. One potential advantage
RI$5,)LVWKDWWKHVHDVVRFLDWHGLQMXULHVFDQEHDGGUHVVHGGXULQJIUDFWXUH¿[DWLRQ
The role of MRI and arthroscopy in tibial plateau fractures is debatable, as no
VWXGLHVKDYHFRPSDUHG05,¿QGLQJVZLWKDUWKURVFRSLFRQHV

11

INTRODUCTION

The optimal treatment of tibial unicondylar fractures remains controversial.
0RVWDXWKRUVKDYHDGYRFDWHGRSHUDWLYH¿[DWLRQLIDQDUWLFXODUVXUIDFHGHSUHVVLRQ
RI!±PPRUDYDOJXVGHIRUPLW\RI!LVLGHQWL¿HGLQWKHODWHUDOSODWHDX $OL
et al. 2002, Giannoudis et al. 2010, Singleton et al. 2017) and if any dislocation is
IRXQGLQWKHPHGLDOSODWHDX +RQNRQHQ 1HYHUWKHOHVVOLWWOHGDWDH[LVWRQWKH
medium and long-term outcomes following operative treatment of these fractures
using such criteria. 6RPHVWXGLHVKDYHTXHVWLRQHGWKHHɣHFWRIDUWLFXODUUHGXFWLRQ
on the end result (Marsh et al. 2002, Giannoudis et al. 2010). Evidence suggests
that long-term outcome depends less on the fracture reduction per se and more
on the achieved stability of the knee (Rasmussen 1973, Moore 1981, Lansinger et
al. 1986). However, previous studies have often included heterogeneous fracture
types, combinations of operative and nonoperative treatments, and both rigid and
QRQULJLG¿[DWLRQVZLWKYDU\LQJSHULRGVRILPPRELOL]DWLRQ0RUHRYHUPRVWRIWKHVH
studies have lacked validated outcome measurement tools.
This doctoral thesis was initiated to investigate the current management and
RXWFRPHRISUR[LPDOWLELDIUDFWXUHV7KH¿UVWWZRVWXGLHVIRFXVRQIDFWRUVSUHGLFWLQJ
the development of posttraumatic OA following tibial lateral and medial plateau
IUDFWXUHV7KHWKLUGVWXG\H[DPLQHVWKHLQFLGHQFHRIFRQFRPLWDQWLQMXULHVDIWHUWKH
most common tibial lateral plateau fracture type and the need for MRI as a diagnostic
tool when treating these fractures. The fourth study investigates the predictors for
GHHSVXUJLFDOVLWHLQIHFWLRQDIWHUSODWH¿[DWLRQRISUR[LPDOWLELDIUDFWXUH
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2. REVIEW OF THE LITERATURE

2.1 EPIDEMIOLOGY
3UR[LPDOWLELDIUDFWXUHVUHSUHVHQWDSSUR[LPDWHO\RIDOOIUDFWXUHV 0RRUHHWDO
 3ODWHDXIUDFWXUHVRFFXUGXHWRDFRPELQDWLRQRID[LDOORDGLQJDQGYDOJXV
varus forces. In men, these fractures usually occur at a younger age and often result
from high-energy trauma such as motor vehicle accidents. In women, the fractures
PRUHRIWHQRFFXUODWHULQOLIHDVDUHVXOWRIORZHUHQHUJ\WUDXPDRIWHQUHÀHFWLQJ
underlying osteoporosis (Schatzker et al. 1979). In a population of 753 patients with
tibial plateau fractures, the average patient age was 44 years and 62% of patients
were male (Moore et al. 1987). There was a sharp rise in the incidence (per 100
SHUVRQV RIORZWUDXPDNQHHIUDFWXUHVLQFOXGLQJGLVWDOIHPXUDQGSUR[LPDO
tibia fractures, in elderly (>60 years) Finnish women at the end of the last century;
in 1970, the incidence was 55 and in 1997 remarkably higher, 124. This has been
followed by a declining fracture rate for unknown reasons, with the incidence being
LQ .DQQXVHWDO ,QHOGHUO\ !\HDUV PHQWKHNQHHIUDFWXUH
incidence has not shown consistent trend changes over time; the incidence was 30
(per 100 000 persons) in 1970 and 36 in 2006. According to the Finnish National
+RVSLWDO'LVFKDUJH5HJLVWHUWKHDYHUDJHLQFLGHQFHRISUR[LPDOWLELDIUDFWXUHZDV
27 per 100 000 patients in 2016 (Figures 1 and 2). Patients treated only at the
outpatient clinic of healthcare centers are not included in the register.
ͺͲ
Ͳ

Incidence

Ͳ
ͷͲ



ͶͲ



͵Ͳ
ʹͲ
ͳͲ
Ͳ
ʹͲǦʹͻ ͵ͲǦ͵ͻ ͶͲǦͶͻ ͷͲǦͷͻ ͲǦͻ ͲǦͻ ͺͲǦͺͻ

ͻͲǦ



Patientsage
Figure 1. Incidence (per 100 000) of patients with proximal tibia fractures (ICD S82.1) in Finland in 2016.
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Figure 2. Incidence (per 100.000) of patients with operatively treated proximal tibia fracture in Finland
in 2016.

2.2 ANATOMY
7KH SUR[LPDO WLELD LV FRPSRVHG RI PHGLDO DQG ODWHUDO ZHLJKWEHDULQJ DUWLFXODU
surfaces, together known as the tibial plateau (Figure 3). The weight-bearing
surfaces are asymmetrical in size and concavity; the medial plateau is larger, denser,
DQGFRQFDYHZKHUHDVWKHODWHUDOSODWHDXLVVPDOOHUDQGFRQYH[ 3XUQHOOHWDO 
The medial plateau carries about 60% of the bodyweight and consequently has,
relative to the lateral plateau, a denser subchondral bone (Berkson and Virkus
2006). The lateral plateau is also higher than the medial plateau, accounting for a
few degrees of varus of the tibial plateau in relation to the tibia shaft (Hashemi et
DO 7KHVHVWUXFWXUDOGLɣHUHQFHVFRPELQHGZLWKWKHDQDWRPLFDOYDOJXVD[LV
RIWKHNQHHDQGWKHQDWXUDOWHQGHQF\RIH[WHUQDOLPSDFWODWHUDOO\PDNHWKHODWHUDO
side more prone to fractures. Medial plateau fractures are thought to usually result
from a high-energy trauma, unlike the more common lateral plateau fractures.
7LELDVORSHVDQWHULRUWRSRVWHULRUDYHUDJHGHJUHHVWKHUHLVVLJQL¿FDQWYDULDWLRQ
between individuals, with the sagittal slope ranging from 0 to 14 degrees on the
lateral side and from -3 to +10 degrees on the medial side (Hashemi et al. 2008).
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Figure 3. Anatomy of the knee. Netter illustration used with permission of Elsevier, Inc. All rights reserved.

There are two additional dense bony prominences serving as attachment sites for
WHQGLQRXVVWUXFWXUHVDQGWKHVHDUHORFDWHGLQFORVHSUR[LPLW\WRWKHWLELDOSODWHDX
the tibial tubercle located anteriorly and serving as the attachment of the patella
tendon and Gerdy´s tubercle located anterolaterally and serving as the attachment
of the iliotibial band. In most of the tibial plateau fractures, these structures remain
LQWDFW7KHSUR[LPDO¿EXODDUWLFXODWHVZLWKDIDFHWRIWKHODWHUDOFRUWH[RIWKHWLELD
and is not part of the knee articulation (McCarty and McAllister 2009).
On the medial side, the m. semimembranosus attaches to a ridge at the
posteromedial corner of the medial plateau just below the joint line. Below this is
pes anserinus (tendons of m. gracilis and m. semitendinosus), which attaches more
anteriorly and distally, closer to the level of the tibial tubercle. These tendons should
EHLGHQWL¿HGDQGSURWHFWHGZKHQDSSURDFKLQJWKHWLELDOSODWHDXIURPWKHPHGLDO
VLGH :DUUHQDQG0DUVKDOO 7KHSRVWHURODWHUDOFRUQHUFRQVLVWVRIVXSHU¿FLDO
DQGGHHSOD\HUVWKHVXSHU¿FLDOOD\HUFRPSULVHVWKHELFHSVIHPRULVWHQGRQDQGWKH
iliotibial band and the deep layer comprises the lateral collateral ligament (LCL),
SRSOLWHXV WHQGRQ DUFXDWH OLJDPHQW DQG SRSOLWHR¿EXODU OLJDPHQW 7KHUH DUH QR
ligamentous attachments to the lateral tibial plateau, whereas the medial plateau
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KDVDEURDGDUHDRILQVHUWLRQIRUERWKWKHGHHSDQGVXSHU¿FLDO PHGLDOFROODWHUDO
ligament (MCL). On the lateral side, horizontal arthrotomy under the meniscus can
be performed easily, allowing good visibility to the lateral articular surface, whereas
on medial side this is limited due to MCL. Between the condyles, the intercondylar
HPLQHQFHVHUYHVDVWKHVLWHRIDWWDFKPHQWIRUWKH¿EURFDUWLODJLQRXVPHQLVFLDQG
the anterior and posterior cruciate ligaments (ACL and PCL).
7KH FRPPRQ SHURQHDO QHUYH UXQV SUR[LPDOO\ XQGHU WKH FRYHU RI WKH ELFHSV
IHPRULV PXVFOH RQ WKH ODWHUDO VLGH 0RUH GLVWDOO\ LW UXQV DURXQG WKH SUR[LPDO
KHDGRIWKH¿EXODODWHUDOO\WRWKHDQWHULRUVLGHZKHUHLWGLYLGHVLQWRWKHGHHSDQG
VXSHU¿FLDOSDUWVLQVLGHWKHSHURQHXVPXVFOH,WLVSURQHWRGLVWHQVLRQHVSHFLDOO\
in varus injuries. Posterior to the knee is the popliteal fossa, which contains the
popliteal neurovascular structures. The popliteal artery, which is at risk in knee
dislocations, is rarely injured with tibia fractures.

2.3 INITIAL ASSESSMENT
An initial trauma survey is performed at the time of a patient´s admission to hospital,
followed by radiographic and clinical evaluations. If a patient presents with clinical
signs of acute compartment syndrome, an urgent four-compartment fasciotomy
using two incisions VKRXOGEHSHUIRUPHGZLWKVSDQQLQJH[WHUQDO¿[DWLRQ 0XEDUDN
and Owen 1977). For those who show no signs of acute compartment syndrome,
LPPHGLDWHVSOLQWLQJRUH[WHUQDO¿[DWLRQFDQEHXVHGGHSHQGLQJRQWKHVRIWWLVVXH
FRQGLWLRQ([WHUQDO¿[DWLRQVKRXOGEHXVHGZKHQWKHUHLVVXEVWDQWLDOVKRUWHQLQJ
RUVXEOX[DWLRQRIWKHWLELDFDXVHGE\FRPPLQXWLRQRULQVWDELOLW\RIWKHIUDFWXUH
Presence of vascular injury, blistering, severe abrasions, and polytrauma are also
FRQVLGHUHGLQGLFDWLRQVIRUWHPSRUDU\H[WHUQDO¿[DWLRQ %DUHLHWDO(JROHW
al. 2005, Parekh et al. 2008).

2.4 RADIOLOGICAL ASSESSMENT
Radiography
Initial diagnosis of tibial plateau fracture is usually based on plain radiographs.
$QWHURSRVWHULRU $3 DQGODWHUDOYLHZVDUHWKHVWDQGDUGH[DPLQDWLRQV$Q$3YLHZ
in the plane of the tibial plateau (10–15 degree caudal view) is also recommended,
as it provides a better view of the articular surface and permits more accurate
assessment of the initial depression (Moore and Harvey 1974).
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Computed tomography
Due its good availability, computed tomography (CT) is currently a routine
H[DPLQDWLRQZKHQWKHUHLVVXVSLFLRQRIDIUDFWXUHLQSODLQUDGLRJUDSKV$[LDOVDJLWWDO
DQG FRURQDO YLHZV DUH REWDLQHG 7KH\ SURYLGH H[FHOOHQW GHWDLO RI WKH IUDFWXUHV
SDWKRDQDWRP\,IWKHIUDFWXUHFDXVHVVXEVWDQWLDOVKRUWHQLQJRUVXEOX[DWLRQRIWKH
leg, it is useful to perform a CT scan after realigning the fracture with a spanning
¿[DWRU&7VFDQVKDYHEHHQVKRZQWRKHOSVXUJLFDOSODQQLQJDQG WRFKDQJHWKH
treatment plan compared with use of only plain radiographs (Dias et al. 1987,
Chan et al. 1997, Wicky et al. 2000). Three-dimensional reconstructions have been
increasingly used and may be helpful in preoperative planning, although one study
showed that it did not change the preoperative plan of a surgeon compared with
use of only conventional CT scans (Dodd et al. 2015).

Magnetic resonance imaging
Magnetic resonance imaging (MRI) provides additional information about injuries
to the soft tissue structures of the knee, such as meniscal and ligamentous lesions,
that is not obtained by other imaging modalities. The information obtained from the
MRI is important if the surgeon incorporates the management of these soft tissue
injuries into the treatment strategy, but whether this improves patient outcome
is controversial. MRI changed the treatment plan of a surgeon in one study in
23% of cases (Yacoubian et al. 2002). In another study comparing CT and MRI in
patients with tibial plateau fractures, the sensitivity of CT scan to detect torn cruciate
OLJDPHQWVZDVIRXQGWREHDQGVSHFL¿FLW\UHODWLYHWR05, 0XLHWDO
 7KHDXWKRUVFRQFOXGHGWKDWZKLOH&7LVDEOHWR¿QGFUXFLDWHOLJDPHQWLQMXULHV
ZLWKKLJKVHQVLWLYLW\DQGVSHFL¿FLW\05,UHPDLQVQHFHVVDU\IRUWKHSUHRSHUDWLYH
detection of meniscal injuries.
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2.5 CLASSIFICATION OF PROXIMAL TIBIA FRACTURES
Many attempts have been made to classify tibial plateau fractures (Palmer 1951,
+RKODQG/XFN+RKO 6FKDW]NHUHWDO  SXEOLVKHGWKHLUFODVVL¿FDWLRQ
system in 1979, deriving it from anteroposterior radiographs of a series of 94 patients,
DQGLWKDVEHFRPHRQHRIWKHPRVWXVHGFODVVL¿FDWLRQV\VWHPV,QWKH6FKDW]NHU
FODVVL¿FDWLRQV\VWHPWLELDSODWHDXIUDFWXUHVDUHGLYLGHGLQWRVL[W\SHV(Figure 4):
split fracture of lateral tibial plateau (type I), split and depression of lateral tibial
plateau (type II), central depression of lateral tibial plateau (type III), medial tibial
plateau fracture (type IV), bicondylar tibial plateau fracture (type V), and dissociation
between the metaphysis and diaphysis (type VI). Type IV medial plateau fractures
encompass two subtypes: the medial plateau is either (A) split or (B) depressed and
comminuted. Either (A) or (B) may be combined with fractures of the tibial spines.

Figure 4. Schatzker classiﬁcation system. Adapted with permission from Berkson et al. High-energy tibial
plateau fractures. J Am Acad Orthop Surg 2006;14:20–31.
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$QRWKHUFRPPRQO\XVHGFODVVL¿FDWLRQV\VWHPIRUWKHVHIUDFWXUHVLVWKH$227$
system (Figure 5)7KLVFODVVL¿FDWLRQLQLWLDOO\FRPELQHGWKH$UEHLWVJHPHLQVFKDIW
IU2VWHRV\QWKHVHIUDJHQ $2 FODVVL¿FDWLRQRIIUDFWXUHVRIORQJERQHV 0OOHUHWDO
 DQGWKH2UWKRSDHGLF7UDXPD$VVRFLDWLRQV 27$ FODVVL¿FDWLRQV\VWHPLQ
1996 (OTA 1996). A revised version of the AO/OTA system was published in 2007
0DUVKHWDO 7KH$227$V\VWHPFDWHJRUL]HVIUDFWXUHVRIWKHSUR[LPDOWLELD
into three main types (A, B, C). These, in turn, are divided into three groups, each
ZLWKWKUHHVXEJURXSV7KLVFODVVL¿FDWLRQLVPRUHGHWDLOHGDQGZLWKPDQ\VXEJURXSV
LVDOVRPRUHFRPSOH[WRXVH1HLWKHUWKH6FKDW]NHUV\VWHPQRUWKH2$27$V\VWHP
has been proven superior to the other. One study foundWKH$2FODVVL¿FDWLRQV\VWHP
to be more reliable among observers than the Schatzker system (Walton et al. 2003),
while another study concluded that the Schatzker system had higher interobserver
UHOLDELOLW\WKDQRWKHUFODVVL¿FDWLRQV\VWHPVLQFOXGLQJWKH$227$V\VWHP 0DULSXUL
et al. 2008).

Figure 5. AO/OTA classiﬁcation system. Adapted with permission from Berkson et al. High-energy tibial
plateau fractures. J Am Acad Orthop Surg 2006;14:20–31.
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%HFDXVHWKHVHFODVVL¿FDWLRQVZHUHEDVHGPDLQO\RQ$3UDGLRJUDSKVWKH\GRQRW
include injury patterns with major fracture lines in the coronal plane such as
posteromedial fragments. Yet, this information is important when planning surgical
approaches and patient positioning. In one recent study, posteromedial fragments
were seen in 59% of bicondylar fractures, and on average they accounted for 25%
of the total tibial plateau joint surface (Higgins et al. 2009). The posteromedial
IUDJPHQW ZDV ¿UVW DGGUHVVHG E\ 0RRUH   LQ KLV FODVVL¿FDWLRQ RI ³IUDFWXUH
GLVORFDWLRQRIWKHNQHH´/XRHWDO  GHYHORSHGD³WKUHHFROXPQ´PRGHOEDVHG
RQD[LDO &7 LPDJLQJWRFODVVLI\WLELDOSODWHDXIUDFWXUHV,QWKLVPRGHO tibial plateau
LVGLYLGHGLQWRWKUHHDUHDVZKLFKDUHGH¿QHGDVWKHODWHUDOFROXPQWKHPHGLDO
column, and the posterior column (Figure 6).7KHEHQH¿WRIWKLVV\VWHPLVWKDWLW
LGHQWL¿HVSRVWHULRUIUDFWXUHVQHHGLQJDSRVWHULRUDSSURDFKDQG¿[DWLRQ

Figure 6. Three-column classiﬁcation. Adapted with permission from Luo et al. Three-column ﬁxation for
complex tibial plateau fractures. J Orthop Trauma;24:683–692.
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5HFHQWO\ D PRUH VSHFL¿F ³WHQVHJPHQW FODVVL¿FDWLRQ´ ZDV LQWURGXFHG ZKLFK
DQDO\]HGWKHIUDFWXUHLQFLGHQFHRIHDFKVSHFL¿FSODWHDXVHJPHQW(Figure 7) .UDXVH
HWDO 7KHDXWKRUVQRWHGWKDWSRVWHULRUVHJPHQWVZHUHPRVWIUHTXHQWO\DɣHFWHG
segments in AO/OTA type B and C fractures.

Figure 7. Ten-segment classiﬁcation. Adapted with permission from Krause et al. Intra-articular tibial
plateau fracture characteristics according to “ten-segment classiﬁcation”. Injury;47:2551–2557.
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2.6 OPERATIVE TREATMENT OF TIBIAL PLATEAU FRACTURES
2.6.1 INDICATIONS FOR NONOPERATIVE TREATMENT
Nonoperative treatment is indicated for stable tibial fractures that will heal without
VLJQL¿FDQW GHIRUPLW\ RU IRU SDWLHQWV ZLWK PHGLFDO SUREOHPV ZKHUH RSHUDWLYH
intervention would cause a high risk. The type of fracture is critically important
when choosing nonoperative treatment. The fracture should be stable enough to
allow early movement of the knee with a hinged brace.

2.6.2 INDICATIONS FOR OPERATIVE TREATMENT
In the 1970s, most condyle fractures were treated nonoperatively, but some
guidelines for operative treatment were developed. Rasmussen et al. (1973)
suggested, based on his series of 204 tibia condylar fractures, that patients without
FOLQLFDOLPSDLUPHQWRIODWHUDORUPHGLDOVWDELOLW\RIWKHH[WHQGHGNQHHMRLQWVKRXOG
be treated nonoperatively, irrespective of roentgenographic appearance of the knee,
and those with an unstable knee should be treated operatively. Schatzker et al.
(1979) arrived at the same conclusion in their study of 94 condyle fractures, as did
Moore (1981) in his study on fracture dislocations of the knee. Also Lansinger et
al. (1986) found in their long-term study of 102 tibial plateau fractures that some
degree of joint depression can be tolerated, but joint deformity or lack of congruity
that leads to instability produces suboptimal results.
&RQWURYHUV\ FRQWLQXHV RQ WKH VXEMHFW RI PD[LPDO DFFHSWDEOH VWHSRɣ RQ WKH
tibial plateau fracture (Table 1). One study with 131 operatively or nonoperatively
treated tibial plateau fractures showed that patients with a more than 3 mm stepRɣDWWKHDUWLFXODUVXUIDFHKDGLQIHULRURXWFRPHVWRSDWLHQWVZLWKVPRRWKDUWLFXODU
surface (Honkonen 1994). Additionally, even slight 1–5° varus malalignment was
associated with inferior functional and subjective results compared with a normal
D[LVZKHUHDVYDOJXVGHIRUPLW\XSWRZDVUDWKHUZHOOWROHUDWHG$QRWKHUUHFHQW
study reported results of 41 patients with either operatively or nonoperatively treated
AO/OTA B/C type plateau fracture (Singleton et al. 2017). Patients with >2.5 mm
UHVLGXDOGHSUHVVLRQRIMRLQWVXUIDFHDWFRURQDOSODQHWRPRJUDPKDGVLJQL¿FDQWO\
ORZHUIXQFWLRQDOUHVXOWVLQ2[IRUG.QHH6FRUH,RZD.QHH6FRUHDQG.226V\PSWRP
DQGSDLQVFRUHVQRGLɣHUHQFHZDVIRXQGLQRWKHU.226VXEJURXSVRU:20$&
VFRUHV 6LQJOHWRQHWDO ,QWKLVVWXG\PHFKDQLFDOD[LV KDGQRFRUUHODWLRQ
with functional results.
$ELRPHFKDQLFDOVWXG\VKRZHGWKDWLQFUHDVHGDUWLFXODUVWHSRɣKHLJKWVLQODWHUDO
plateau progressively increase valgus angulation and average contact pressures; at
DPPVWHSRɣZLWKVWUDLJKWOHJWKHYDOJXVLQFUHDVHGRQDYHUDJHDQGDYHUDJH
contact pressure increased by 208% (Bai et al. 2001).
22

Table 1. Effect of articular step-off or depression on functional results after tibia plateau fracture.

Author (year)

No. of
fractures

Fracture type

Intervention

Functional
assessment

Conclusion

Wadell
et al. (1981)

95

Lateral 75
Medial 8
Bicondylar 12

ORIF 72%,
CONS 28%

Satisfactory
result
= ROM >90°
flexion, <5°
malalignment, no
OA, and absence
of limp

Inferior outcome
>10 mm
depression on
lateral side.
All medial
fractures should
be operated

Lansinger
et al. (1986)*

102

Lateral 70
Medial 14
Bicondylar 18

Operative
56% (ORIF or
percutaneous
cerclage),
CONS 44%

Rasmussen score

Inferior outcome
>10 mm
depression

Honkonen
(1994)*

131

Lateral 68
Medial 12
Bicondylar 51

ORIF 58%,
CONS 42%

Honkonen score

Inferior outcome
>3 mm
depression

Weigel
et al. (2002)*

18

Schatzker
Type II=1
Type IV=1
Type V=1
Type VI=15

Limited internal
ﬁxation and
monolateral
external ﬁxator

Iowa knee score,
SF-36

No correlation
between
articular surface
reduction and
knee score

Singleton
et al. (2017)

41

Schatzker
Type II=19
Type III=2
Type IV=7
Type V=1
Type VI=12

ORIF 85%,
CONS 15%

Iowa knee score,
Oxford knee
score,
KOOS,
WOMAC

Inferior outcome
>2.5 mm
depression
in Iowa and
Oxford scores,
and in KOOS
symptom and
pain subscores

*Retrospective study
CONS=conservative

&XUUHQWO\PRVWDXWKRUVDGYRFDWHRSHUDWLYH¿[DWLRQIRUODWHUDOWLELDOSODWHDXIUDFWXUH
upon identifying articular surface depression of more than 2–3 mm, condylar
widening of more than 5 mm, or valgus deformity of more than 5 degrees (Holzach
et al. 1994, Honkonen 1994, Ali et al. 2002, Singleton et al. 2017).
6FKDW]NHUHWDO  WUHDWHGVHYHQPHGLDOSODWHDXIUDFWXUHVDOO H[FHSWRQH
with no initial dislocation) with unacceptable results; one was operatively treated
without proper reduction and the rest were conservatively treated. Also Wadell
et al. concluded that all medial plateau fractures should be operatively reduced
meticulously to their anatomic position (Wadell et al. 1981). Another study found
that conservative treatment of medial plateau fractures with cast brace often results
in loss of position (Delamarter and Hohl 1989). Furthermore, it has been shown that
varus malalignment is more poorly tolerated than valgus malalignment (Honkonen
1994). Therefore, operative treatment should always be considered when managing
dislocated medial plateau fractures. It should also be noted that isolated medial
plateau fracture can actually represent a fracture dislocation of the knee.
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Schatzker et al. (1979) found that, in the treatment of type VI fractures,
75% of nonoperatively treated patients had unacceptable results, whereas 80%
of operatively treated patients had acceptable results. Bicondylar fractures are
unstable and prone to dislocate in conservative treatment, and thus, should be
WUHDWHGRSHUDWLYHO\ +RQNRQHQ 2QO\¿VVXUHVRIWKHFRQG\OHVFDQEHFRQVLGHUHG
treated with a dynamic brace.

2.6.3 SURGICAL APPROACHES
The most commonly used approach is the anterolateral approach (Pape and
5RPPHQV ,WFDQEHXVHGIRUUHGXFWLRQDQG¿[DWLRQRIWKHDQWHURODWHUDOSDUW
of the tibial plateau. The patient is usually placed in supine position. The approach
VWDUWVDERXWFPSUR[LPDOWRWKHMRLQWOLQHFRQWLQXLQJRYHU*HUG\VWXEHUFOHDQG
descending distally, staying lateral to the anterior border of tibia. An arthrotomy
can be done under the meniscus and the approach gives good visibility to most of
WKHODWHUDOSODWHDXVXUIDFHH[FOXGLQJWKHPRVWSRVWHULRUSDUW7RLQFUHDVHYLVLELOLW\
to the posterior part of the lateral plateau, a femoral epicondylar osteotomy can be
SHUIRUPHG %RZHUVDQG+XɣPDQ<RRQHWDO $OVRWKHXVHRIDUWKURVFRS\
ZLWKRUZLWKRXWÀXLGZLOOKHOSYLVXDOL]DWLRQRIWKHSRVWHULRUSDUW
The posteromedial approach is another commonly used approach when
there is a medial plateau or bicondylar fracture (Pape and Rommens 2007). The
SDWLHQWLVSODFHGLQVXSLQHSRVLWLRQDQGWKHOHJLVDEGXFWHGH[WHUQDOO\URWDWHGDQG
SXWLQD³¿JXUHRIIRXU´SRVLWLRQ7KHLQFLVLRQUXQVIURPWKHPHGLDOHSLFRQG\OH
WRZDUGVWKHSRVWHURPHGLDOHGJHRIWKHWLELDDQGH[WHQGHGGLVWDOO\DVQHHGHG$VWKH
MCL covers a broad area of the joint line medially, only a limited visibility can be
achieved through the arthrotomy to the plateau surface. Arthroscopy can enhance
WKHYLVLELOLW\RIWKHMRLQWVXUIDFH:LWKWKLVDSSURDFKSODWH¿[DWLRQFDQEHGRQH
with either a medially or posteromedially situated plate.
The posterior approach is becoming more commonly used, especially when
DSRVWHURPHGLDOVKHDULQJIUDFWXUHLVLQYROYHG7KLVDSSURDFKZDV¿UVWGHVFULEHG
\HDUVDJR /REHQKRɣHUHWDO 'LɣHUHQWPRGL¿FDWLRQVKDYHVLQFHEHHQ
presented (Fakler et al. 2007, Galla et al. 2009). One way to perform the approach
is with the patient in prone position with an inverted L-shaped incision; beginning
IURPWKHFHQWHURIWKHSRSOLWHXVIRVVDUXQQLQJ¿UVWPHGLDOO\DQGDWWKHPHGLDOFRUQHU
of the popliteus fossa turning to run in the distal direction (He et al. 2013). The medial
head of the gastrocnemius muscle is then retracted in a lateral direction, protecting
the neurovascular bundle. The dissection from medial to lateral direction is done
at the surface of the bone, also elevating the popliteus and origin of soleus muscle
IURPWKHERQH3&/DYXOVLRQFDQEH¿[HGXVLQJWKHVDPHDSSURDFK7KLVDSSURDFK
also allows limited access to the posterolateral part of the plateau for reduction of
fracture and placement of an oblique fashion buttress plate (Luo et al. 2010).
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7KH PRVW SRVWHURODWHUDO SDUW RI WKH WLELDO SODWHDX UHPDLQV GLɤFXOW WR DFFHVV
through normal approaches. The posterolateral approach has been introduced
WRDGGUHVVWKLVSUREOHP7KHLQLWLDODSSURDFKHVLQFOXGHGRVWHRWRP\RIWKH¿EXOD
ZKLFKHQGDQJHUHGWKHFRPPRQSHURQHDOQHUYHUXQQLQJRQWKHVXUIDFHRIWKH¿EXOD
/REHQKRɣHUHWDO 6XEVHTXHQWPHWKRGVKDYHQRWUHTXLUHG¿EXODRVWHRWRP\
(Frosch et al. 2010). Malreduction of the posterior part of lateral plateau fractures is
common. In one recent study, malreduction rates of up to 77% were demonstrated
in postoperative CT scans at the posterior part of the lateral plateau (Meulenkamp
et al. 2017). The posterolateral approach alone gives visibility only to the most
posterior part of the lateral plateau, but it allows the possibility to use a buttress
SODWH IRU ¿[DWLRQ <HW PRVW RI WKH ODWHUDO SODWHDX VXUIDFH UHPDLQV XQYLVXDOL]HG
through this approach. In one study, anatomical reconstruction was achieved only
using a combination of anterolateral and posterolateral approaches (Salomon et
al. 2013). However, in one study the posterolateral central region was successfully
reduced from a single anterolateral approach in all cases with the help of arthroscopy
ZLWKRXWÀXLG .UDXVHHWDO (VSHFLDOO\IRUGLVORFDWHGPHGLDOSODWHDXIUDFWXUHV
with severe impaction of the posterior and central parts of the lateral tibial articular
VXUIDFHEXWDQLQWDFWODWHUDOFRUWH[DODWHUDOSODWHDXRVWHRWRP\WHFKQLTXHKDVDOVR
been introduced to help reduction (Sciadini and Sims 2013).

2.6.4 FIXATION METHODS AND BONE VOID FILLERS
7KHJRDORIRSHQUHGXFWLRQDQGLQWHUQDO¿[DWLRQLVWRKDYHDQDWRPLFDOUHGXFWLRQ
RIWKHIUDFWXUHSURYLGHVWDEOH¿[DWLRQDQGDOORZHDUO\PRELOL]DWLRQRIWKHNQHH
'H¿QLWLYHRSHQUHGXFWLRQDQGSODWH¿[DWLRQLVSHUIRUPHGDFFRUGLQJWR$2SULQFLSOHV
when the swelling has decreased and the wrinkle test is positive (Pape and Rommens
 &XUUHQWO\QRFRQVHQVXVH[LVWVRQHLWKHUWKHEHVWPHWKRGRI¿[DWLRQRUWKH
RSWLPDOERQHYRLG¿OOHU 0F1DPDUDHWDO 
7KHXVHRIPLQLPDOO\LQYDVLYHRVWHRV\QWKHVLVDQGDQ,OL]DURYW\SHULQJ¿[DWRU
KDVEHHQDGYRFDWHGDVDZD\WRPLQLPL]H25,)FRPSOLFDWLRQVHVSHFLDOO\LQFRPSOH[
C-type fractures. Even though minimal invasive reduction is usually related to worse
articular reduction, good functional results have been achieved with this treatment
pattern.
2QH WULDO FRPSDUHG WKH XVH RI D FLUFXODU ¿[DWRU FRPELQHG ZLWK LQVHUWLRQ RI
SHUFXWDQHRXV VFUHZV K\EULG IL[DWLRQ  YHUVXV VWDQGDUG RSHQ UHGXFWLRQ DQG
LQWHUQDO¿[DWLRQ 25,) LQSDWLHQWVZLWKRSHQRUFORVHG6FKDW]NHU9±9,W\SHWLELDO
plateau fractures (Pirani et al. 2006). Results of the two groups (66 patients) were
comparable for the WOMAC, HSS, and SF-36 at two years from the operation. Seven
(18%) of the 40 patients in the ORIF group had a deep infection and patients in the
K\EULG¿[DWLRQJURXSKDGDORZHUULVNIRUDQXQSODQQHGUHRSHUDWLRQ
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Another trial compared the use of a minimally invasive lateral plate (LISS system)
and conventional double plating (ORIF) in 84 patients who had open or closed
bicondylar tibial plateau fracture (Jiang et al. 2008). In the ORIF group, a bone
JUDIWZDVXVHGQHDUO\WZLFHDVRIWHQ YVSDWLHQWV 7KHUHZDVVLJQL¿FDQWO\
more malalignment in the LISS group than in the double plating group (14.6% vs.
2.3%), most frequently in the sagittal plane. The HSS scores were similar between
the groups at 2 years from the operation.
Often after reduction of the plateau fracture, there is a void at the metaphyseal area
RIWKHWLELD7KHSHUIHFWYRLG¿OOHUVKRXOGKDYHKLJKRVWHRLQGXFWLYLW\RVWHRJHQHFLW\
DQGRVWHRFRQGXFWLYLW\7KHJROGHQVWDQGDUGKDVEHHQ¿OOLQJWKLVYRLGLIQHHGHG
with autograft bone from the iliac crest to get subarticular support. One prospective
study with 109 Schatzker I–IV fractures, operated with conventional plates and/or
screws, compared calcium phosphate cement (alpha-BSM) and autogenous iliac
ERQHJUDIWDVDPHWDSK\VHDOYRLG¿OOHU 5XVVHOODQG/HLJKWRQ 7KHUHZHUH
QRLQIHFWLRQVIRXQGRQWKHLOLDFFUHVWKDUYHVWVLWHEXWQDWXUDOO\SDWLHQWVVXɣHUHG
LQLWLDOSDLQFDXVHGE\WKHKDUYHVW$WWKH¿QDODQWHURSRVWHULRUUDGLRJUDSKVWKHUH
ZDVVLJQL¿FDQWO\KLJKHUDUWLFXODUVXEVLGHQFH PP LQWKHDXWRJHQRXVERQHJUDIW
group than in the alpha-BSM group (30% vs. 9%). Subsidence occurred between
3 and 6 months after surgery. At one year, calcium phosphate cement was still
YLVLEOHLQWKH[UD\V1RFOLQLFDORXWFRPHVZHUHUHSRUWHG,QDV\VWHPDWLFUHYLHZ
HYDOXDWLQJRXWFRPHVDIWHUWKHXVHRIFDOFLXPSKRVSKDWHFHPHQW K\GUR[\DSDWLWH
granules, calcium sulphate, bioactive glass, tricalcium phosphate, demineralized
ERQHPDWUL[DQGDOORJUDIWVWKHXVHRIFDOFLXPSKRVSKDWHFHPHQWZDVIRXQGWR
UHVXOWLQDWOHDVWVHFRQGDU\FROODSVHRIWKHNQHHMRLQWVXUIDFH *RɣHWDO 
,QDQRWKHUVWXG\WKHPHWDSK\VHDOYRLGZDV¿OOHGZLWKHLWKHUFDQFHOORXVDXWRJUDIW
RULQWHUSRURXVK\GUR[\DSDWLWHDQGQRGLɣHUHQFHVZHUHIRXQGLQURHQWJHQRJUDSKLF
and clinical results at the 12-month follow-up (Bucholz et al. 1989).
One prospective study compared the use of bioactive glass granules and
autogenous bone as a bone substitute in the treatment of 25 unilateral (AO B2
DQG% WLELDOSODWHDXIUDFWXUHVZLWKFRQYHQWLRQDOSODWH1RGLɣHUHQFHVZHUHIRXQG
in radiological or functional results between the groups at the one-year follow-up
(Heikkilä et al. 2011).
7KHUHLVDFDGDYHULFELRPHFKDQLFDOVWXG\VKRZLQJWKDWSODWHVFUHZ¿[DWLRQLV
VXSHULRUWRVFUHZ¿[DWLRQDORQHLQDPHGLDOSODWHDXVSOLWIUDFWXUHPRGHO +XDQJ
et al. 2015). Biomechanical studies have also revealed that use of a raft of four
cortical 3.5 mm subchondral screws compared with two cancellous 6.5 mm screws is
ELRPHFKDQLFDOO\VWURQJHUUHVLVWLQJD[LDOFRPSUHVVLRQLQGHSUHVVHGSODWHDXIUDFWXUHV
.DUXQDNDUHWDO3DWLOHWDO 
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2.6.5 LOCKING PLATE SYSTEMS
$QDWRPLFDOO\SUHFRQWRXUHGSODWHVZLWKDQJOHVWDEOH¿[DWLRQDUHFRPPRQQRZDGD\V
in the treatment of tibial plateau fractures. Locking plate systems are thought to be
EHQH¿FLDOHVSHFLDOO\ZKHQWUHDWLQJHOGHUO\SDWLHQWVZLWKRVWHRSRURWLFERQH$ORFNLQJ
plate can be placed distally with a minimally invasive technique functioning as an
³LQWHUQDOH[WHUQDO¿[DWRU´ZKHUHVFUHZVGRQRWUHO\RQSODWHWRERQHFRPSUHVVLRQ
to resist patient load (Stannard et al. 2008). The advantages of locking plate include
preservation of blood supply and better resistance to bending and torsional forces
relative to conventional plates (Wagner 2003). Pre-contouring also saves time from
bending the plate during the operation. No clinical studies have compared the
results of conventional plating and locked plating in the treatment of unicondylar
plateau fractures (McNamara et al. 2015).

2.6.6 ARTHROSCOPIC REDUCTION AND INTERNAL FIXATION (ARIF)
$UWKURVFRSLFDOO\DVVLVWHGUHGXFWLRQKDVEHHQXVHGIRUWKHWUHDWPHQWRIOHVVFRPSOH[
IUDFWXUHVIRUWKHODVWWKUHHGHFDGHV &DVSDULHWDO-HQQLQJV 'LɣHUHQW
kinds of mini-invasive reduction techniques have been developed with percutaneous
VFUHZ¿[DWLRQ 5RVVLHWDO 3RWHQWLDODGYDQWDJHVRIWKH$5,)WHFKQLTXHDUH
that possible meniscal and cartilage lesions can be treated in the same procedure and
the achieved reduction can be visualized with arthroscopy. ARIF may also accelerate
rehabilitation and decrease postoperative morbidity compared with ORIF. Possible
drawbacks include increased risk of compartment syndrome (Belanger and Fadale
1997), prolonged operative time, and additional costs. This technique is especially
suitable for Schatzker type I pure split fractures and Schatzker type II fractures
when there is only minimal dislocation. Satisfactory functional results, comparable
with those of the ORIF technique, have been achieved using ARIF (Chen et al. 2015,
Wang et al. 2017). Attempts have been made to show that the ARIF technique can
yield better radiological results than the traditional ORIF technique (Fowble et al.
2KGHUDHWDO:DQJHWDO EXWWKHVHFODLPVKDYHQRWEHHQYHUL¿HG
in a good-quality study.

2.7 ASSOCIATED INJURIES
$V05,KDVJDLQHGSRSXODULW\LQWKHGLDJQRVWLFVRISUR[LPDOWLELDOIUDFWXUHVPDQ\
studies have reported the incidence of concomitant injuries related to these fractures.

27

REVIEW OF THE LITERATURE

2.7.1 MENISCAL INJURIES
Gardner et al. (2005) reported in their MRI study, with 103 Schatzker I–VI fractures,
that the overall incidence of medial meniscus tear was 44%, lateral tear 74%, and
lateral meniscus capsular separation 83%. Most of the fractures in the study were
Schatzker II type fractures (62 of 103), and in this subgroup medial meniscus tear
was found in 37%, lateral tear in 81%, and lateral meniscus capsular separation in
82%. Another MRI study, including 39 patients, found that 36% of the patients who
had MRI done prior to operation of AO/OTA B- and C-type fracture had unstable
meniscal tear (Mustonen et al. 2008).
In studies where diagnosis of meniscal tear has been based on arthroscopic
H[DPLQDWLRQWKHLQFLGHQFHKDVXVXDOO\EHHQQRWLFHDEO\ORZHU
Table 2 shows the incidence of meniscal tears found in arthroscopy studies.
Table 2. Incidence of meniscal injuries in arthroscopy studies.

Author (year)

Fracture type

n

Medial meniscus tear

Lateral meniscus tear

Gill et al. (2001)

Schatzker I–IV

29

1 (3%)

8 (28%)

Hung et al. (2003)

Schatzker I–VI

31

2 (6%)

5 (16%)

Kayali et al. (2008)

Schatzker I–III

21

3 (14%)

7 (33%)

Rossi et al. (2008)

Schatzker II–III

46

0

13 (28%)

2.7.2 LIGAMENTOUS INJURIES
Dislocated cruciate ligament avulsion injuries have been typically treated in the acute
VWDJHZLWK¿[DWLRQ %HUNVRQDQG9LUNXV ,QRQH05,VWXG\WRWDO DYXOVLRQRU
complete tear) ACL rupture occurred in 57%, complete PCL injury in 28%, complete
LCL tear in 29%, and MCL tear in 32% of patients with Schatzker I–VI fractures
(Gardner et al. 2005). The incidence of destabilizing ACL injury concomitant with
usually low-energy Schatzker II fracture was 53%. However, the incidence of ACL
rupture in arthroscopy studies has been noticeably lower, ranging from 0 to 27%
*LOOHWDO+XQJHWDO.D\DOLHWDO5RVVLHWDO 
Collateral ligament injuries can occur with tibial plateau fractures. MCL ruptures
are usually treated conservatively unless there is a distal rupture of the ligament,
LQZKLFKFDVHUH¿[DWLRQLVLQGLFDWHG&RPSOHWH/&/UXSWXUHVDUHUHFRPPHQGHG
WREHWUHDWHGRSHUDWLYHO\ .DQQXV 3ULPDU\UHSDLULVLQGLFDWHGIRUDFXWHERQ\
avulsions; however, midsubstance tears should be treated with reconstruction.
(Geeslin and LaPrade 2011). Gardner et al. (2005) showed in their MRI study a
high incidence of complete LCL ruptures ranging from 18% to 57% and complete
MCL ruptures ranging from 0 to 36% depending on fracture type. Another MRI
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study showed the incidence of LCL ruptures to be 34% and MCL ruptures 55%
(Coletti et al. 1996). There are no studies showing the incidence of collateral ligament
LQMXULHVQHHGLQJDUHSDLUDWWKHWLPHRIIUDFWXUH¿[DWLRQ

2.7.3 NEUROLOGIC INJURIES
/LWWOHGDWDH[LVWRQWKHLQFLGHQFHRIQHXURORJLFDOLQMXULHVDIWHUSUR[LPDOWLELDIUDFWXUHV
Manidakis et al. (2010) reported a single temporary peroneal palsy in a series of
SUR[LPDOWLELDIUDFWXUHV6WHYHQVHWDO  IRXQGWKDW  RISDWLHQWV
had peroneal palsy and all of these patients had more severe Schatzker IV–VI type
fractures; only two of them had satisfactory clinical recovery.

2.7.4 VASCULAR INJURIES
Particularly high-energy medial plateau fractures have been speculated to elevate
the risk for vascular injuries (Moore 1981). However, there is not much evidence in
the literature to support this. In one study, a routine arteriography was performed
on all medial plateau fractures, but no vascular injuries were found (Bennet and
Browner 1994). Also in more recent long-term follow-up studies with large cohorts
RISDWLHQWVZLWK6FKDW]NHU,±9,SUR[LPDOWLELDIUDFWXUHVQRYDVFXODULQMXULHVKDYH
been described (Rademakers et al. 2007, Manidakis et al. 2010, Urruela et al. 2013).

2.8 COMPLICATIONS
2.8.1 WOUND COMPLICATIONS AND INFECTIONS
:KHQ RSHQ UHGXFWLRQ DQG LQWHUQDO SODWH ¿[DWLRQ EHFDPH PRUH FRPPRQ LQ WKH
WUHDWPHQWRISUR[LPDOWLELDOIUDFWXUHVLQWKHHDUO\VLQIHFWLRQUDWHVDVKLJKDV
80% were reported (Mallik et al. 1992, Young and Barrack 1994). Due to high risk
for infection in early ORIF, the staged procedures were introduced. In the staged
PDQDJHPHQWSURWRFROWKHVRIWWLVVXHHQYHORSHLV¿UVWDOORZHGWRUHFRYHUEHIRUH
SHUIRUPLQJWKHGH¿QLWLYH¿[DWLRQ7KLVPD\EHDFKLHYHGZLWKDWHPSRUDU\H[WHUQDO
¿[DWRURUDEUDFH$OVRLQELFRQG\ODUIUDFWXUHVDGXDOLQFLVLRQWHFKQLTXHKDVUHGXFHG
WKHQHHGIRUH[WHQVLYHVRIWWLVVXHGLVVHFWLRQUHODWLYHWRRQHODUJHDQWHULRUDSSURDFK
With these new techniques, infection rates have been reduced. Nevertheless, deep
infection rates of up to 24% have been reported especially after bicondylar fractures
(Table 3) (Barei et al. 2004, Rademakers et al. 2007, Colman et al. 2013, Morris
HWDO5XɣRORHWDO 
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Table 3. Incidence of deep surgical site infection after ORIF of tibial plateau fracture.

Author (year)

Fracture type
(AO /OTA)

n

Intervention

Deep SSI rate
(%)

Barei et al. (2004)
Rademakers et al. 2007

C3 type

83

Dual plating

8.4

B/C type

202

Plate or screw ﬁxation

5.4

Colman et al. (2013)

B/C type

309

Plate

7.8

Morris et al. (2013)

C type

302

Plate

14.2

Ruffolo et al. (2015)

C3 type

140

Dual plating

23.6

Few studies have focused on risk factors of wound infection after operative treatment
RISUR[LPDOWLELDIUDFWXUHV&ROPDQHWDO  VKRZHGWKDWSURORQJHGRSHUDWLYH
time and open fractures increase the risk for deep surgical site infection after plate
¿[DWLRQRIWLELDOSODWHDXIUDFWXUHV$QRWKHUUHFHQWVWXG\VKRZHGWKDWVPRNLQJRSHQ
fracture, dual incisions, and compartment syndrome requiring fasciotomies were
risk factors for infection when treating bicondylar fractures (Morris et al. 2013).

2.8.2 COMPARTMENT SYNDROME
Tibial plateau fracture comprises a risk for compartment syndrome necessitating
four-compartment fasciotomies of the leg. The diagnosis of compartment syndrome
is usually clinical, but also direct compartment pressure measurement can be
XVHG$GLɣHUHQFHRIPP+JIURPGLDVWROLFEORRGSUHVVXUHLVXVXDOO\XVHGDV
objective evidence of compartment syndrome (McQueen and Court-Brown 1996).
The reported incidence of compartment syndrome and fasciotomy has ranged from
7% to 27% after Schatzker IV–VI fractures (Barei et al. 2004, Stark et al. 2009,
$FNOLQHWDO0RUULVHWDO5XɣRORHWDO*DPXOLQHWDO ,QWKH
studies that have included all plateau fracture types, the incidence has been lower,
ranging from 1% to 5% (Manidakis et al. 2010, Colman et al. 2013, Urruela et al.
2013). The use of a single skin incision technique to perform four-compartment
fasciotomy does not seem to lower the infection risk (Bible et al. 2013)
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2.8.3 MALUNION AND NONUNION
Malunion of the articular surface or the metaphyseal-shaft junction can occur after
RSHUDWLYHWUHDWPHQWRIWLELDOSODWHDXIUDFWXUHV6WDEOH¿[DWLRQZLOOUHGXFHWKHULVNRI
this complication. A recent study showed that 32% of patients had a step or gap of
more than 2 mm at the articular surface in postoperative CT scan (Meulenkamp et
al. 2017). Malreductions were mainly seen at the posterior quadrants of the lateral
WLELDO SODWHDX )OXRURVFRSLF UHGXFWLRQ DORQH UHVXOWHG VLJQL¿FDQWO\ PRUH RIWHQ LQ
malreduction relative to submeniscal arthrotomy and direct visual reduction (17%
YV ,IWKHPHFKDQLFDOD[LVLVDɣHFWHGDQRVWHRWRP\WRUHVWRUHWKHPHFKDQLFDO
D[LVPD\EHLQGLFDWHG(Figure 8). In older patients, a total knee arthroplasty may
EHWKHEHVWVDOYDJHSURFHGXUHEXWFRQVWUDLQHGLPSODQWVZLWKH[WHQVLRQVPD\EH
necessary (Marczak et al. 2014, Softness et al. 2017).

31

REVIEW OF THE LITERATURE

Figure 8. Radiographs of a 31-year-old woman who sustained a bicondylar fracture after a bicycle fall (a).
After 7 weeks of conservative treatment, a severe displacement was found (b). Corrective osteotomy and
plate ﬁxation were performed to restore the mechanical axis (c).

32

1RQXQLRQVDUHVHOGRPUHSRUWHGFRPSOLFDWLRQVDIWHUSUR[LPDOWLELDIUDFWXUHSUREDEO\
because of the good healing potential of the metaphyseal bone compared with the
diaphysis. Rademakers et al. (2007) reported two nonunions in a series of 202
Schatzker I-VI fractures, and both were due to postoperative infection. Urruela et
al. (2013) found two nonunions after treatment of 96 Schatzker I–VI fractures; one
ZDVGXHWRLQIHFWLRQDQGWKHRWKHUGXHWR¿[DWLRQIDLOXUH0DQLGDNLVHWDO  
KDGDQRQXQLRQUDWHRILQWKHLUVWXG\ZLWKSUR[LPDOWLELDIUDFWXUHV+RZHYHU
one study with 140 bicondylar tibial fractures treated with ORIF showed 14 (10%)
QRQXQLRQVDQGRQO\VL[RIWKHVHZHUHQRQVHSWLF 5XɣRORHWDO $QRWKHUVWXG\
ZLWKKLJKHQHUJ\$227$W\SH$DQG&IUDFWXUHVWUHDWHGZLWKK\EULGH[WHUQDO¿[DWRU
IRXQGWKDW$W\SHIUDFWXUHVKDGVLJQL¿FDQWO\ORQJHUKHDOLQJWLPHVDQGKLJKHUULVN
of nonunion than C-type fractures (Savolainen et al. 2010).

2.8.4 POSTTRAUMATIC OSTEOARTHRITIS
Posttraumatic OA develops in 9–44% of patients following tibial plateau fracture
(Rasmussen 1972, Volpin 1990, Honkonen 1995, Rademakers et al. 2007). Patients
ZLWK WLELDO SODWHDX IUDFWXUHV KDYH ¿YH WLPHV KLJKHU ULVN RI QHHGLQJ D WRWDO NQHH
DUWKURSODVW\ 7.$ WKDQDPDWFKHGFRKRUWSRSXODWLRQ :DVVHUVWHLQHWDO 
7KLVULVNLVUHODWHGWRWKHSDWLHQW¶VDJHDQGWRWKHFRPSOH[LW\RIWKHIUDFWXUH2QO\
RISDWLHQWVZLWKDSODWHDXIUDFWXUHZLOOGHYHORS2$QHHGLQJ7.$LQD\HDU
follow-up after injury versus 2% of patients without a fracture.
&RPSDUHGZLWK7.$SHUIRUPHGRQSDWLHQWVZLWKSULPDU\2$7.$SHUIRUPHGWR
treat posttraumatic OA or malunion after ORIF is often more technically demanding
due to previous surgeries and scarring (Lunebourg et al. 2014). The choice of implant
VKRXOGWDNHLQWRDFFRXQWWKHVWDELOLW\RIWKHNQHHDQGH[LVWLQJERQ\GHIHFWV7KHPRVW
common implants used are valgus/varus constrained, hinged, and PCL constrained
prosthesis (Softness et al. 2017). There is controversy in the literature on the clinical
RXWFRPHVDIWHU7.$SHUIRUPHGIRUSRVWWUDXPDWLF2$,QRQHSURVSHFWLYHPDWFKHG
FRKRUWVWXG\QRGLɣHUHQFHZDVIRXQGLQ.66DQG:20$&VFRUHVEHWZHHQSDWLHQWV
with primary OA versus posttraumatic OA after ORIF (Lizaur-Utrilla et al. 2015). By
FRQWUDVWDQRWKHUUHWURVSHFWLYHPDWFKHGFRKRUWVWXG\UHSRUWHGVLJQL¿FDQWO\ORZHU
SRVWRSHUDWLYH.226VFRUHVIRUSDWLHQWVZLWKSRVWWUDXPDWLF2$UHODWLYHWRSULPDU\
2$DIWHU7.$ /XQHERXUJHWDO 7KHFRPSOLFDWLRQUDWHDIWHU7.$SHUIRUPHG
IRUSRVWWUDXPDWLF2$DIWHU25,)LVKLJKHUWKDQ7.$SHUIRUPHGIRUSULPDU\2$
(Bala et al. 2015, Lizaur-Utrilla et al. 2015, Scott et al. 2015). The most commonly
UHSRUWHGFRPSOLFDWLRQVLQFOXGHLQIHFWLRQVVWLɣQHVVDQGUXSWXUHVRISDWHOODWHQGRQ
GXHWRH[SRVXUHGLɤFXOW\LQNQHHVZLWKVLJQL¿FDQWVFDUWLVVXH
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6RPHDXWKRUVKDYHVXJJHVWHGWKDWLQFHUWDLQSDWLHQWV7.$FRXOGEHWKHSULPDU\
SURFHGXUHWRWUHDWSUR[LPDOWLELDIUDFWXUH(Figure 9) (Malviya et al. 2011, Parratte
et al. 2011, Haufe et al. 2016). Immediate postoperative mobilization with the
possibility of full weight-bearing is one of the main advantages, especially for geriatric
patients. Some of the main indications for considering primary arthroplasty include
WUHDWPHQWRIJHULDWULFSDWLHQWVZLWKSRRUERQHTXDOLW\DQGSUHH[LVWLQJ2$OLNHO\WR
HQGXSUHTXLULQJ7.$ 0DOYL\DHWDO3DUUDWWHHWDO.LQLDQG6DWKDSSDQ
 2QO\DIHZUHWURVSHFWLYHFDVHVHULHV SDWLHQWV KDYHEHHQSXEOLVKHGDQG
mean age of the patients in these series has ranged from 78 to 81 years (Malviya et
al. 2011, Parratte et al. 2011, Boureau et al. 2015, Haufe et al. 2016). Implant type
and level of constraint should be determined based on pre-operative radiographs.
If the fracture line likely compromises the medial or lateral collateral ligaments, a
rotating hinge prosthesis is recommended (Parratte et al. 2011). Fractures in elderly
patients are typically caused by low-energy injury with less soft tissue damage. The
PHDQVXUJLFDOGHOD\WRSHUIRUP7.$KDVYDULHGIURPWRGD\V 0DOYL\DHWDO
2011, Parratte et al. 2011, Boureau et al. 2015). The overall complication rate is
9.5–33%, and the most commonly reported complications include infections and
ZRXQGFRPSOLFDWLRQVVWLɣQHVVDQGSHULSURVWKHWLFIUDFWXUHV 6RIWQHVVHWDO 
In one study with 30 patients, two patients died due to complications related to
IXUWKHUVXUJLFDOWUHDWPHQWRIFRPSOLFDWLRQVRIWKH7.$RQHSURVWKHWLFLQIHFWLRQ
and one periprosthetic fracture (Haufe et al. 2016). Despite permitting immediate
ZHLJKWEHDULQJ7.$IRUWKHWUHDWPHQWRIDFXWHWLELDOSODWHDXIUDFWXUHKDVHQWDLOHG
considerable loss of patient autonomy (Boureau et al. 2015).

Figure 9. Radiographs of a 73-year-old woman who sustained a bicondylar AO C3 type fracture after a
same-level fall at home (a). The patient was treated with primary TKA (b).
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2.9 OUTCOME MEASUREMENT INSTRUMENTS
7KHUHDUHVHYHUDOVSHFL¿FDQGYDOLGDWHGSDWLHQWUHSRUWHGRXWFRPHPHDVXUHVRIORZHU
OLPEIXQFWLRQ<HWWKHUHLVQRVFRULQJV\VWHPWKDWKDVEHHQVSHFL¿FDOO\GHVLJQHGWR
evaluate the follow-up of patients after knee fractures (McNamara et al. 2015). In
studies conducted in the 1970s to 1990s, non-validated scoring systems were often
used (Rasmussen 1973, Honkonen 1994). In more recent long-term studies from
the 21stFHQWXU\VHYHUDOGLɣHUHQWNQHHVSHFL¿FRXWFRPHPHDVXUHPHQWLQVWUXPHQWV
KDYH EHHQ XVHG $PHULFDQ .QHH VRFLHW\ VFRUH $.66  +66 NQHH VFRUH 6hort
0XVFXORVNHOHWDO)XQFWLRQDO$VVHVVPHQW 60)$ 2[IRUGNQHHVFRUH,2:$NQHH
score, :HVWHUQ2QWDULRDQG0F0DVWHU8QLYHUVLWLHV2VWHRDUWKULWLVLQGH[ WOMAC),
DQG.QHHLQMXU\DQG2VWHRDUWKULWLV2XWFRPH6FRUH .226 .226ZDVGHYHORSHG
DVDQH[WHQVLRQRIWKH:20$&WRDVVHVVERWKVKRUWDQGORQJWHUPV\PSWRPV
and function.

2.10 OUTCOME AFTER OPERATIVE TREATMENT OF
PROXIMAL TIBIA FRACTURES
5HVXOWVRIWLELDOSODWHDXIUDFWXUHVDUHGLɤFXOWWRHYDOXDWHJLYHQWKHZLGHUDQJHDQG
severity of injury and the advancement of management techniques over the years.
Recent long-term studies of plateau fractures, however, indicate that satisfactory
knee function can be obtained with even severe injuries. There is controversy
UHJDUGLQJWKHHɣHFWRISDWLHQW¶VDJHIUDFWXUHW\SHDQGDFKLHYHGUHGXFWLRQRQWKH
HQGUHVXOW$VXPPDU\RIIXQFWLRQDOUHVXOWVDFKLHYHGLQGLɣHUHQWVWXGLHVLVVKRZQ
in Table 4.
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1970–1992

1975–1995

2003–2006

2004–2010

Stevens
et al. (2001)

Rademakers et al.
(2007)

Manidakis
et al. (2010)

Dreumel
et al. (2015)

6.2 (2.9–9.8)

1.7 (1–5.8)

14 (5–24)

8.3 (5–25)

FU-time (years)

*Mean values, range 0–100, 100 is the highest score
**Mean values, range 0–100, 0 is the highest score

Treatment
period

Author
(year)

71

125

109

47

No. of fractures
included in the study

Table 4. Functional outcome after treatment of proximal tibia fracture.

Schatzker
Type I = 10
Type II = 39
Type III = 3
Type IV = 4
Type = V 17
Type VI = 23

Schatzker
Type I = 31
Type II = 42
Type III = 21
Type IV = 9
Type V = 6
Type VI = 16

Lateral 70
Medial 7
Bicondylar 32

Schatzker
Type I =4
Type II = 16
Type III = 5
Type IV = 8
Type V = 3
Type VI = 11

Fracture type

ORIF with plate and/
or screw ﬁxation

ORIF 72
Percutaneous
screws15
Hybrid
ex-ﬁx 14
Conservative 24

ORIF

ORIF

Intervention

KOOS*

Pain 89.2
Other symptoms 91.1
Daily function 89.7
Sports 72.5
Quality of life 75

Good 86 (69%)
Fair 30 (24%)
Poor 9 (7%)

Excellent 68 (62%)
Good 23 (21%)
Fair 10 (9%)
Poor 8 (7%)

HSS score

AKSS

Excellent 76 (70%)
Good 27 (25%)
Fair 6 (5%)

Pain 4
Stiffness 3
Function 14

WOMAC**

Neer score

Physical function 70
Role physical 65
Bodily pain 64
General health 71
Vitality 57
Social function 85
Role emotion 80
Mental health 74

SF-36*

Functional outcome
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Stevens et al. (2001) reported 54 consecutive tibial plateau fractures treated with
RSHQUHGXFWLRQDQGLQWHUQDO¿[DWLRQ2IWKHVHSDWLHQWV  SDUWLFLSDWHGLQ
WKHVWXG\)LYHRIWKH  IUDFWXUHVKDGSRVWRSHUDWLYHPDOUHGXFWLRQ PP
VWHSRɣRUGHSUHVVLRQ 1RFRUUHODWLRQH[LVWHGEHWZHHQIUDFWXUHW\SHRUDGHTXDF\
RIIUDFWXUHUHGXFWLRQDQG:20$&VFRUHV2ISDWLHQWVDJHG\HDUV  RI
26 received SF-36 scores comparable to the healthy age-matched population. The
FRUUHVSRQGLQJ¿JXUHVIRUSDWLHQWVDJHG\HDUVZHUH  RISDWLHQWV,Q
WKHDJHJURXSV\HDUVDQG\HDUVDQGUHVSHFWLYHO\ZHUHDEOHWR
return to full-time employment. The study concluded that age at time of injury is
WKHPDLQIDFWRULQÀXHQFLQJRXWFRPHZLWKIUDFWXUHW\SHKDYLQJPXFKOHVVLQÀXHQFH
Rademakers et al. (2007) treated 202 tibial plateau fractures with ORIF. The
WUHDWPHQWVRISDWLHQWVZKRKDGDUWKURGHVLV7.5RUFRUUHFWLYHRVWHRWRP\ZHUH
FRQVLGHUHG IDLOXUHV DQG H[FOXGHG IURP WKH ¿QDO HYDOXDWLRQ 2YHUDOO   
SDWLHQWVSDUWLFLSDWHGLQWKH¿QDOIROORZXSYLVLW7KHLUPHDQ1HHUVFRUHZDV
± 7KHPHDQ+66.QHHVFRUHZDV ± 3DWLHQWVZLWKRXWVLJQVRI
SRVWWUDXPDWLF2$KDGVLJQL¿FDQWO\KLJKHU1HHUDQG+66.QHHVFRUHWKDQSDWLHQWV
ZLWKPRGHUDWHRUVHYHUH2$3DWLHQWVZLWKPDODOLJQPHQWRI!KDGVLJQL¿FDQWO\
PRUHPRGHUDWHWRVHYHUHJUDGH2$WKDQWKRVHZLWKDQDQDWRPLFNQHHD[LV$JH
did not appear to impact the results. The study also concluded that unicondylar
IUDFWXUHKDGVLJQL¿FDQWO\EHWWHU1HHU6FRUH ± WKDQELFRQG\ODUIUDFWXUHV
87 (42–100).
Manidakis et al. (2010) evaluated 156 patients with tibial plateau fractures.
7KLUW\RQHSDWLHQWV  ZHUHORVWWRIROORZXSRUGLHG([FHOOHQWUHGXFWLRQDQG
DOLJQPHQWZHUHDFKLHYHGLQ  RIFDVHVEXWQRGH¿QLWLRQIRUµH[FHOOHQW¶
was provided. The authors concluded that the best results occurred in patients with
unicondylar fractures and the worst results in patients with bicondylar fractures
with diaphyseal-metaphyseal dissociation.
Urruela et al. (2013) reported the results of 94 patients with 96 Schatzker I–VI
fractures treated with ORIF between 2005 and 2011. The most common fracture
type was Schatzker II (50%). Only 63% (60/96) were able to participate in the
one-year follow-up. At 12 months, 76% of the patients had returned to their preLQMXU\HPSOR\PHQW1RFRUUHODWLRQZDVIRXQGEHWZHHQ6FKDW]NHUFODVVL¿FDWLRQDQG
patient’s age or functional or radiological results. Also the postoperative articular
VWHSRɣDQGUHVLGXDOGHSUHVVLRQDWPRQWKVZHUHQRWDVVRFLDWHGZLWKGHFUHDVHG
functional outcome.
Van Dreumel et al. treated 96 patients with Schatzker I–VI tibial plateau fractures
VXUJLFDOO\ZLWKSODWHDQGRUVFUHZ¿[DWLRQDFKLHYLQJDQDWRPLFDOUHGXFWLRQ VWHS
RɣRUJDSPP LQ YDQ'UHXPHOHWDO 0RVWRIWKHIUDFWXUHVZHUH
6FKDW]NHUW\SH,,  2IWKHSDWLHQWVFRPSOHWHGWKH.226TXHVWLRQQDLUH
VXUYH\1RGLɣHUHQFHZDVIRXQGLQIXQFWLRQDORXWFRPH .226VXEVFRUHVDQGWRWDO
score) after anatomical or nonanatomical reduction. Of the patients participating
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in the study, 64% were able to return fully to their previous work after a mean of
6.8 months.

2.11 REHABILITATION AND WEIGHT-BEARING PROTOCOLS
AFTER OPERATIVE TREATMENT
The goal of operative treatment is to allow early mobilization with full range of
PRWLRQH[HUFLVHV2IWHQDKLQJHGEUDFHLVXVHGHYHQWKRXJKWKHUHLVOLWWOHGDWDLQ
WKHOLWHUDWXUHWRVXSSRUWLWVEHQH¿W
Patients are usually instructed after tibial plateau fracture to avoid weightEHDULQJDFWLYLW\IRUWKH¿UVWZHHNVWKHQDOORZLQJRQO\SDUWLDOZHLJKWEHDULQJ
for the following 2 weeks. Despite apparent willingness to comply with the weightbearing protocols, patients often do not follow weight-bearing restrictions (Haller
HWDO 7KHUHLVQRVFLHQWL¿FHYLGHQFHLQWKHOLWHUDWXUHWRVXSSRUWWKHVHZHLJKW
bearing restrictions, and good prospective, randomized studies are totally missing
(Haller et al. 2013). A retrospective study with 32 patients with B-type lateral plateau
fractures, treated operatively with locking plate, compared immediate and delayed
ZHLJKWEHDULQJQRGLɣHUHQFHZDVIRXQGLQUDGLRJUDSKLFIUDFWXUHGLVSODFHPHQWRU
complication rate (Haak et al. 2012). Another study investigated the stability of
VHYHQ6FKDW]NHU,,WLELDOSODWHDXIUDFWXUHVWUHDWHGZLWKFRQYHQWLRQDOSODWH¿[DWLRQ
using radiostereometric analysis (Solomon et al. 2011). Patients were allowed
LPPHGLDWHNJSDUWLDOZHLJKWEHDULQJIRUWKH¿UVWZHHNVIROORZHGE\SURJUHVVLRQ
WRIXOOZHLJKWEHDULQJLQWKHQH[WZHHNV7KHVWXG\VKRZHGWKDWXVHRIDUDIWRI
subchondral screws with buttress plate was able to maintain the reduction for up
to one year of follow-up with this protocol.
Another retrospective study with 42 AO/OTA B- and C-type fractures concluded
WKDWFRPPHQFLQJZHLJKWEHDULQJDJDLQVWLQVWUXFWLRQLQWKH¿UVWZHHNVUHVXOWHGLQ
failure of reduction in 80% of patients compared with 25% of patients who started
weight-bearing after 10 weeks (Ali et al. 2002).
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3. AIMS OF THE STUDY

This study had the following aims:
1. To determine the medium-term functional and radiographic outcomes of
operatively treated AO B3.1 lateral tibial plateau fractures and to evaluate
ZKHWKHUVXUJHU\DQGSDWLHQWUHODWHGIDFWRUVLQÀXHQFHWKHVHRXWFRPHV
 7R GHWHUPLQH IUDFWXUH DQG VXUJHU\UHODWHG IDFWRUV WKDW FRXOG LQÀXHQFH WKH
development of posttraumatic OA after medial tibial plateau fracture and to
evaluate functional outcome and the type of concomitant injuries associated
with these fractures.
3. To determine whether the occurrence of concomitant injuries preoperatively
GHWHFWHGXVLQJ05,FRUUHODWHVZLWKDUWKURVFRSLF¿QGLQJVGXULQJWKHWUHDWPHQW
of lateral tibial plateau fractures.
4. To identify the most important patient- and surgery-related risk factors for deep
66,IROORZLQJRSHUDWLYHWUHDWPHQWRISUR[LPDOWLELDIUDFWXUHV
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4. PATIENTS AND METHODS

3DWLHQWV ZHUH WUHDWHG DW 7||O| +RVSLWDO WKH OHYHO , WUDXPD FHQWHU RI +HOVLQNL
University Hospital. The local Ethics Committee approved the study, and informed
consent was obtained from each patient (I–III). The study protocols were approved
by the Institutional Review Board (I–IV). All studies were conducted in adherence
with the principles of the Declaration of Helsinki.

4.1 IDENTIFICATION OF THE STUDY POPULATION
$OOSDWLHQWVZLWKDVXUJLFDOO\WUHDWHGSUR[LPDOWLELDOIUDFWXUHDWRXULQVWLWXWLRQZHUH
LGHQWL¿HGE\TXHU\LQJWKHKRVSLWDOVXUJLFDOGDWDEDVHIRUGLDJQRVHVFRGHGZLWKWKH
,QWHUQDWLRQDO&ODVVL¿FDWLRQRI'LVHDVHV1LQWKDQG7HQWK5HYLVLRQ ,&',&' 
IRUSUR[LPDOWLELDOIUDFWXUHV 6 DQGSURFHGXUHFRGHV 120(6&2 
IRUH[WHUQDO 1*- RULQWHUQDO¿[DWLRQ 1*-1*- RISUR[LPDOWLELDOIUDFWXUHV
from 2002 to 2013. Eligible surgical procedures were restricted to those performed
primarily at our institution in patients aged 16 years and older.
Study I consisted of patients with split-compression lateral plateau fractures who
ZHUHWUHDWHGRSHUDWLYHO\ZLWKSODWH¿[DWLRQEHWZHHQ-DQXDU\DQG'HFHPEHU
2008.
Study II consisted of patients with medial plateau fractures who were operatively
treated between January 2002 and December 2008.
Study III was a prospective study that enrolled 50 consecutive patients who were
surgically treated for lateral tibial plateau split-depression fractures between April
2009 and February 2012.
Study IV FRQVLVWHGRISDWLHQWVZKRKDGRSHUDWLYHO\WUHDWHGSUR[LPDOWLELDIUDFWXUHV
ZLWKSODWH¿[DWLRQEHWZHHQ-DQXDU\DQG'HFHPEHU3DWLHQWVZLWKGHHS
VXUJLFDOVLWHLQIHFWLRQZHUHLGHQWL¿HGDQGDFRQWUROJURXSZDVUDQGRPO\VHOHFWHG
from the noninfected cohort.
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4.2 STUDY DESIGN
Study I was a retrospective cohort study of 123 consecutive patients with splitcompression lateral plateau fracture (AO/OTA type B3.1) treated operatively
ZLWKSODWH¿[DWLRQGXULQJD\HDUSHULRG2IWKHVHSDWLHQWVZHUHDYDLODEOHIRU
FOLQLFDOIXQFWLRQDODQGUDGLRJUDSKLFIROORZXSH[DPLQDWLRQVHYHQKDGGLHGRQH
KDGXQGHUJRQHDWRWDONQHHDUWKURSODVW\RQHKDGVXɣHUHGDSDWKRORJLFDOIUDFWXUH
and 41 were lost to follow-up (11 were untraceable, 22 refused to participate, three
KDGHPLJUDWHGDQG¿YHKDGDODQJXDJHEDUULHU 
Study II was a retrospective cohort study of 63 consecutive patients with operatively
treated medial plateau fracture (AO/OTA type 41-B1.2, B1.3, B3.2, and B3.3) during
a 7-year period. Of the 63 patients, 41 were able to participate in a follow-up visit.
Included patients had clinical, radiographic, and functional assessment at the end of
IROORZXSH[FHSWIRUWZRSDWLHQWVZKRXQGHUZHQW total knee arthroplasty and were
not included in the clinical and functional evaluations. Seven patients completed
functional evaluation information forms, but were unable to attend the follow-up
YLVLW)LIWHHQSDWLHQWVZHUHH[FOXGHGIURPWKHVWXG\GXHWRQRIROORZXSGDWD
had died, 2 had severe dementia or schizophrenia, and 5 were lost to follow-up.
Patient demographics, mean follow-up times, and injury mechanisms are presented
in Tables 5 and 6. )UDFWXUHVZHUHFODVVL¿HGDFFRUGLQJWR$227$FODVVL¿FDWLRQ
Table 5. Demographics of patients in Studies I and II.

Study I

Study II

Age, years, mean (range)

48 (17–77)

47 (16–78)

Female gender

56%

38%

BMI (kg/m ), mean

25.8

27.6

Follow-up time, years (range)

4.5 (1.6–8.5)

7.6 (4.7–11.7)

2
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Table 6. Mechanism of injury in Studies I–III.

Injury mechanism

Study I
(n=73)

Study II
(n=63)

Study III
(n=50)

Same level fall

32 (44%)

28 (44%)

27 (54%)

Sports-related

11 (15%)

8 (13%)

10 (20%)

Automobile collision with pedestrian

11 (15%)

2 (3%)

2 (4%)

Fall from height >1 m

7 (10%)

2 (3%)

5 (10%)

Bicycle accident

3 (4%)

9 (14%)

3 (6%)

Road traffic accident

3 (4%)

14 (22%)

Assault

6 (8%)*

2 (4%)
1 (2%)

*Including 2 tsunami victims

Study III was a prospective study of 50 consecutive patients with split-compression
lateral plateau fracture (AO/OTA type B3.1) treated surgically in a 3-year period.
,QGLFDWLRQVIRURSHUDWLYHWUHDWPHQWLQFOXGHGDUWLFXODUGLVSODFHPHQWRUVWHSRɣ!
PPFRQG\ODUZLGHQLQJ!PPPDODOLJQPHQW!RULQVWDELOLW\LQIXOOH[WHQVLRQ
6WXG\H[FOXVLRQFULWHULDZHUHSUHVHQFHRI2$ .HOOJUHQ/DZUHQFHJUDGH! DQRSHQ
fracture, or a pathological fracture. All patients were subjected to a preoperative
multidetector computer tomography (CT) scan and magnetic resonance imaging
05, RIWKHDɣHFWHGNQHHIRUHYDOXDWLRQRIIUDFWXUHPRUSKRORJ\DQGFRQFRPLWDQW
injuries. The mean age of the patients was 50 years (range 23–86) and 54% were
female. To identify and treat clinically relevant concomitant injuries, all patients
XQGHUZHQWNQHHDUWKURVFRS\SULRUWRRSHQUHGXFWLRQDQGLQWHUQDO¿[DWLRQ 25,) 
within the same procedure. During arthroscopy the integrity of both menisci and
cruciate ligaments was evaluated and cartilage defects were recorded. Results of
DUWKURVFRS\ZHUHFRPSDUHGZLWK05,¿QGLQJV7KHIROORZXSWLPHZDVRQH\HDU
Study IV ZDVDFDVHFRQWUROVWXG\RIFRQVHFXWLYHSDWLHQWVZLWKSUR[LPDOWLELD
IUDFWXUHWUHDWHGRSHUDWLYHO\ZLWKSODWH¿[DWLRQLQD\HDUSHULRG0HGLFDOUHFRUGV
were assessed for signs and symptoms of surgical site infection (SSI). Infections were
FODVVL¿HGDVGHHSZKHQDOOWKUHHRIWKHIROORZLQJFULWHULDZHUHPHWVLPXOWDQHRXVO\
clinical signs of SSI (swelling, redness, drainage, or wound dehiscence), positive
bacterial cultures of wound specimens, and osteosynthetic material palpable or
YLVLEOH LQ WKH ZRXQG 7KLUW\IRXU   RI WKH  SDWLHQWV IXO¿OOHG WKH DERYH
PHQWLRQHGFULWHULDDQGZHUHFODVVL¿HGDVKDYLQJDGHHSLQIHFWLRQ7KHPHDQDJH
of the patients was 55 years (range 16–84) and 35% were female. A control group
was randomly selected in a 1:4 ratio from the cohort of patients who had undergone
SODWH¿[DWLRQEXWGLGQRWVXEVHTXHQWO\GHYHORS66,7KHPLQLPXPIROORZXSWLPH
was one year. Potential patient- and surgery-related risk factors for infection were
assessed by reviewing medical, microbiological, surgical, and radiology records.
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We collected the demographic data and possible patient co-morbidities, injury
PHFKDQLVP KLJKHQHUJ\LQMXU\GH¿QHGDVDIDOOIURPDKHLJKW!PRUDPRWRUYHKLFOH
accident), severity of open fractures (Gustilo grade I–III), and fracture type (AO/
27$FODVVL¿FDWLRQV\VWHP $OVRUHFRUGHGZHUHXVHRIDWHPSRUDU\VSDQQLQJH[WHUQDO
¿[DWRUSLQSODWHRYHUODSSLQJWRXUQLTXHWXVHIRXUFRPSDUWPHQWIDVFLRWRP\GXDO
LQFLVLRQDSSURDFKELFRQG\ODUSODWLQJFRQFRPLWDQWDUWKURVFRSLFH[DPLQDWLRQDQG
XVHRIERQHJUDIW7KHGXUDWLRQRIH[WHUQDO¿[DWLRQLQVLWXWLPLQJRIWKHGH¿QLWLYH
surgery, duration of the surgery, and timing of the fasciotomy closure were recorded.
7LPLQJRIDQWLELRWLFSURSK\OD[LV VXERSWLPDOWLPLQJZDVGH¿QHGDVDQWLELRWLFJLYHQ
more than 60 minutes before the incision, after the incision, or less than 5 minutes
EHIRUHRUDIWHUWRXUQLTXHWLQÀDWLRQ DQGXVHRIDGUDLQZHUHDVVHVVHG$GGLWLRQDOO\
blood leukocyte counts, C-reactive protein levels, and causative pathogens were
noted at infection onset.

4.3 OPERATIVE TREATMENT IN STUDY III
Following arthroscopy, ORIF was performed using an anterolateral incision, and
an arthrotomy was done beneath the lateral meniscus. Depression of the articular
VXUIDFHZDVHOHYDWHGXQGHUGLUHFWYLVXDOFRQWURODQGWKHERQHGHIHFWZDV¿OOHGZLWK
either autograft (16 patients) or synthetic bone material (22 patients) depending on
WKHSUHIHUHQFHRIWKHDWWHQGLQJVXUJHRQ)L[DWLRQZDVDFKLHYHGXVLQJDQDQJXODU
VWDEOHORFNLQJSODWHZLWKDUDIWRIVXEFKRQGUDOVFUHZV /&33UR[LPDO7LELD3ODWH
4.5/5.0; Synthes, Elmira, NY, USA).
The postoperative management protocol included early mobilization using a
hinged knee orthosis for 12 weeks. All patients were instructed to avoid weightEHDULQJDFWLYLW\IRUWKH¿UVWZHHNVDQGWKHQDOORZHGRQO\SDUWLDOZHLJKWEHDULQJ
for the following 2 weeks.

4.4 RADIOLOGICAL EVALUATION
All patients (Studies I and II) had preoperative computer tomography for accurate
evaluation of fracture morphology. Conventional standing knee radiographs were
WDNHQWRHYDOXDWHWKHVWDJHRISRVWWUDXPDWLF2$DFFRUGLQJWRWKH.HOOJUHQ/DZUHQFH
FODVVL¿FDWLRQ JUDGHWR DWWKHHQGRIIROORZXS5DGLRJUDSKVZHUHREWDLQHGZLWK
WKHNQHHVH[WHQGHGDQGWKHWLELDVLQQHXWUDOURWDWLRQ6WDQGLQJNQHHUDGLRJUDSKVZHUH
REWDLQHGDOVRIURPWKHFRQWUDODWHUDOXQLQMXUHGNQHHIRUFRPSDULVRQ7KHPD[LPDO
depression of the tibial articular surface was measured from anteroposterior and
lateral view radiographs at the follow-up visit. Full-length radiographs of the lower
H[WUHPLWLHVZHUHWDNHQWRHYDOXDWHWKHPHFKDQLFDOD[LVDWWKHHQGRIIROORZXS,Q
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Study II, additionally, computed tomography (CT) (GE Discovery CT750 HD,
General Electric Medical Systems, Milwaukee, WI, USA) of the injured knee was
REWDLQHGDWWKHHQGRIIROORZXSWRPHDVXUHWKHGHSUHVVLRQRIWKHMRLQWVXUIDFH$[LDO
1.25-mm-thick reconstructions and 2-mm sagittal and coronal reformation were
used for the analysis. The images were independently evaluated on clinical PACS
workstations (IMPAX DS 3000, version 4.5, Agfa-Gevaert N.V., Mortsel, Belgium)
by two musculoskeletal radiologists and mean measurement values were used.
7KHVWDJHRISRVWWUDXPDWLF2$ZDVDVVHVVHGDFFRUGLQJWRWKH.HOOJUHQ/DZUHQFH
FODVVL¿FDWLRQDVIROORZV*UDGHXQOLNHO\QDUURZLQJRIWKHMRLQWVSDFHSRVVLEOH
osteophytes; Grade 2: small osteophytes, possible narrowing of the joint space;
*UDGHPXOWLSOHPRGHUDWHO\VL]HGRVWHRSK\WHVGH¿QLWLYHMRLQWVSDFHQDUURZLQJ
and Grade 4: multiple, large osteophytes, severe joint space narrowing, sclerosis
and/or deformity.
In Study III, all patients were subjected to a preoperative multidetector CT
VFDQDQGDQ05,RIWKHDɣHFWHGNQHHIRUHYDOXDWLRQRIIUDFWXUHPRUSKRORJ\DQG
concomitant injuries. The MR images were obtained with a 1.5-T Signa MRI
Echospeed (GE Healthcare, Milwaukee, WI, USA). The standard clinical sequences
were coronal T1-weighted fast-spin echo, T2-weighted fast-spin echo with fat
saturation, sagittal T2-weighted fast-spin echo, sagittal PD-weighted spin echo,
DQGD[LDOSURWRQGHQVLW\IDVWVSLQHFKRZLWKIDWVDWXUDWLRQ

4.5 OUTCOME EVALUATION
Clinical assessment
All patients included in Studies I–III had a clinical assessment at the end of followXS9DOJXVDQGYDUXVOD[LW\ZHUHHYDOXDWHGXVLQJPDQXDOWHVWLQJLQH[WHQVLRQDQG
DWGHJUHHVRIÀH[LRQ7RDVVHVVDQWHULRUOD[LW\WKH/DFKPDQDQWHULRUGUDZHU
DQGSLYRWVKLIWWHVWVZHUHDSSOLHG3RVWHULRUOD[LW\ZDVHYDOXDWHGXVLQJWKHSRVWHULRU
drawer test. Range of motion was measured using a goniometer. Results were
compared with those of the uninjured contralateral knee.

Functional assessment
All patients in Studies I–III completed two validated functional outcome
measurement tools: WKH 0RGL¿HG /\VKROP NQHH VFRUH %ULJJV HW DO   DQG
WKH:HVWHUQ2QWDULRDQG0F0DVWHU8QLYHUVLWLHV2VWHRDUWKULWLVLQGH[ :20$& 
(Roos et al. 1999).

44

4.6 STATISTICAL ANALYSES IN STUDIES I–IV
An independent biostatistician conducted the statistical analyses for Studies I,
II, and IV. In all studies, p-values of less than 0.05 were considered statistically
VLJQL¿FDQW
Study I. Statistical analyses were performed using SAS System for Windows, version
9.2 (SAS Institute Inc., Cary, NC, USA). Associations between categorical variables
ZHUHWHVWHGZLWKWKH&KLVTXDUHWHVW.UXVNDO:DOOLVRU0DQQ:KLWQH\8WHVWVZHUH
XVHGWRWHVWGLɣHUHQFHVLQFRQWLQXRXVDQGRUGLQDOYDULDEOHVEHWZHHQWKHOHYHOVRI
FDWHJRULFDOYDULDEOHV7KHFRUUHODWLRQFRHɤFLHQWVZHUHFDOFXODWHGXVLQJ6SHDUPDQ
rank-order correlations.
Study II. Statistical analyses were performed with SAS System for Windows, version
 6$6,QVWLWXWH,QF&DU\1&86$ 7KHGLɣHUHQFHVLQFDWHJRULFDOYDULDEOHV
between patients with or without posttraumatic OA were analyzed with Chi-square
WHVWRU)LVKHU¶VH[DFWWHVW7KHPHDQDJHVEHWZHHQSDWLHQWJURXSVZHUHFRPSDUHG
XVLQJWZRVDPSOHWWHVW7KH0DQQ:KLWQH\8WHVWZDVXVHGWRDVVHVVWKHGLɣHUHQFH
in non-normally distributed continuous variables between patients. ReceiverRSHUDWLQJFKDUDFWHULVWLFV 52& DQDO\VLVDQG<RXGHQ¶V VHQVLWLYLW\VSHFL¿FLW\ 
LQGH[ZHUHXVHGWR¿QGWKHRSWLPDOFXWRɣYDOXHIRUGHSUHVVLRQPHDVXUHGIURP
SUHRSHUDWLYH &7 VFDQV LQ SUHGLFWLQJ SRVWWUDXPDWLF 2$ 7KH PD[LPXP YDOXH RI
<RXGHQ¶VLQGH[ZDVXVHGDVDFULWHULRQIRUVHOHFWLQJWKHRSWLPDOFXWRɣYDOXH
Study III. Based on the recorded variables, sensitivity was calculated using the
proportion of meniscal ruptures correctly diagnosed by MRI, compared with the
number of actual lesions found by arthroscopy. These same categories were also
DQDO\]HGWRFDOFXODWHVSHFL¿FLW\XVLQJWKHSURSRUWLRQRIGLDJQRVHVQRWLQGLFDWLQJ
meniscal lesions compared with the cases that did not have actual meniscal
lesions. Negative predictive value, positive predictive value, and accuracy were
also calculated.
Study IV. Statistical analyses were performed using SAS System for Windows,
YHUVLRQ 6$6,QVWLWXWH,QF&DU\1&86$ 'LɣHUHQFHVLQFDWHJRULFDOYDULDEOHV
between the infected and noninfected groups were analyzed using cross-tabulation.
7KH 0DQQ:KLWQH\ 8WHVW ZDV DSSOLHG WR HYDOXDWH WKH GLɣHUHQFH LQ WKH OHQJWK
RI WKH H[WHUQDO ¿[DWRU WUHDWPHQW EHWZHHQ JURXSV 8QLYDULDWH ORJLVWLF UHJUHVVLRQ
DQDO\VLVZDVXVHGWRDVVHVVVLJQL¿FDQWULVNIDFWRUVIRUGHHS66,6LJQL¿FDQWULVNIDFWRUV
S LQWKHXQLYDULDWHDQDO\VHVDQGGLDEHWHVDVDFOLQLFDOO\LPSRUWDQWIDFWRUZHUH
included in the multivariable model. Independent risk factors for infection were
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LGHQWL¿HGE\PXOWLYDULDEOHORJLVWLFUHJUHVVLRQDQDO\VLVXVLQJDVWHSZLVHSURFHGXUH
In addition, multivariable analysis was performed including one or two of the injury
VHYHULW\LQGLFDWRUV ELFRQG\ODUSODWLQJ$2FODVVL¿FDWLRQH[WHUQDO¿[DWLRQXVDJH
WLPHWRGH¿QLWLYH¿[DWLRQ DWDWLPHLQWKHPXOWLYDULDEOHORJLVWLFUHJUHVVLRQPRGHO
WRDYRLGPXOWLFROOLQHDULW\SUREOHPVDQGWRVHHWKHUHDOHɣHFWVRIWKHLQMXU\VHYHULW\
LQGLFDWRUV5HVXOWVRIORJLVWLFUHJUHVVLRQDQDO\VHVZHUHH[SUHVVHGXVLQJRGGVUDWLRV
25V ZLWKFRUUHVSRQGLQJFRQ¿GHQFHLQWHUYDOV &,V 
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5. RESULTS

5.1 STUDY I: PREDICTORS OF OSTEOARTHRITIS FOLLOWING
LATERAL TIBIAL PLATEAU FRACTURES
2I WKH  SDWLHQWV    KDG QR RU RQO\ PLOG .HOOJUHQ/DZUHQFH JUDGH
0-2) posttraumatic OA and 18 (25%) had severe (grade 3–4) posttraumatic OA.
Altogether 44% (13/29) of the patients with >2 mm articular depression on the
DUWLFXODUVXUIDFHSRVWRSHUDWLYHO\KDGGHYHORSHGVHYHUH .HOOJUHQ/DZUHQFHJUDGH
± 2$FRPSDUHGZLWK  RIWKRVHZLWKGHSUHVVLRQPP S  
Articular surface depression of >2 mm was also associated with more pain at night
DQGDWVWDQGLQJ S  DQGSDLQZKLOHVLWWLQJ S  $UWLFXODUGHSUHVVLRQ!
mm was additionally associated with poorer WOMAC functional scores (8 vs. 14)
S  1RQHRIWKHSDWLHQWVKDGDQDUWLFXODUGHSUHVVLRQ!PP
Of the patients with valgus malalignment >5 degrees, 50% (6/12) had developed
VHYHUH .HOOJUHQ/DZUHQFHJUDGH± 2$FRPSDUHGZLWK  RIWKRVHZLWK
D QRUPDO PHFKDQLFDO D[LV S   7KH PHFKDQLFDO D[LV DW IROORZXS KDG QR
correlation with :20$&RUPRGL¿HG/\VKROPVFRUHV7KHUDGLRORJLFDOUHVXOWVDUH
shown in Table 7.
Table 7. Radiological results of patients with lateral tibial plateau fracture.

Patients with
grade 0–2 OA at
follow-up n=55 (%)

Patients with
grade 3–4 OA at
follow-up n=18 (%)

p-value

0–2 mm articular depression
postoperatively

39 (53)

5 (11)

0.001

3–7 mm articular depression
postoperatively

16 (22)

13 (18)

0

2

t5° varus
2–4° varus

9

2

± 1°

20

1

2–4° valgus

19

7

t5° valgus

6

6

0.028

Functional results of patients with lateral plateau fractures are shown in Table 8.
Age at time of operation correlated with stage of posttraumatic OA; the older the
SDWLHQWWKHPRUHVHYHUHWKH2$DWIROORZXS S 5  2OGHUSDWLHQWV
DOVR KDG SRRUHU :20$& IXQFWLRQDO VFRUHV S  5   0LQRU PHGLDO
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FROODWHUDOOLJDPHQW 0&/ OD[LW\ZDVIRXQGLQSDWLHQWV  DQGSDWLHQWV
 KDGDQWHULRUFUXFLDWHOLJDPHQW $&/ OD[LW\0&/OD[LW\GLGQRWKDYHDQHɣHFW
RQIXQFWLRQDORXWFRPHVFRUHVEXW$&/OD[LW\UHVXOWHGLQORZHUPRGL¿HG/\VKROP
VFRUHV S  
Factors not associated with radiological results were BMI at time of trauma
S   W\SH RI YRLG ¿OOHU XVHG S   H[SHULHQFH RI VXUJHRQ UHVLGHQW RU
VSHFLDOLVW  S  DQGXVHRIDQJXODUVWDEOHSODWHRUEXWWUHVVSODWH S  
Table 8. Functional results of patients with lateral and medial tibial plateau fractures.

WOMAC

Patients with lateral plateau
fracture (n=73)

Patients with medial plateau
fracture (n=39)*

Pain

10 (0–66)

12 (0–60)

Stiffness

14 (0–61)

14 (0–77)

Function

10 (0–59)

12 (0–63)

80 (41–100)

80 (35–100)

70

36

Modiﬁed Lysholm score
Range of motion
Normal extension
Extension limitation 5–15

3

3

< 20° ﬂexion limitation

67

31

20–45 ° ﬂexion limitation

6

8

*2 patients who underwent total knee arthroplasty were excluded

5.2 STUDY II: PREDICTORS OF OSTEOARTHRITIS FOLLOWING
MEDIAL TIBIAL PLATEAU FRACTURES
2I WKH  SDWLHQWV    KDG QR RU PLOG .HOOJUHQ/DZUHQFH JUDGH ± 
posttraumatic OA and 17 (41%) had severe (grade 3–4) OA. Initial articular
GHSUHVVLRQPHDVXUHGIURPSUHRSHUDWLYH&7VFDQVZDVDVLJQL¿FDQWSUHGLFWRURI
SRVWWUDXPDWLF2$ S  7KHRSWLPDOFXWRɣYDOXHIRUGHSUHVVLRQZDV
PPLQSUHGLFWLQJSRVWWUDXPDWLF2$ VHQVLWLYLW\VSHFL¿FLW\ )DFWRUVQRW
associated with development of posttraumatic OA were AO/OTA subtype of fracture
S  PHGLDQDUWLFXODUGHSUHVVLRQDW¿UVWSRVWRSHUDWLYH[UD\ S  PHGLDQ
DUWLFXODUGHSUHVVLRQDWHQGRIIROORZXSLQ&7 S  DQGPHGLDQPHFKDQLFDO
D[LVDWHQGRIIROORZXS S  
3DWLHQWVZLWKPHFKDQLFDOD[LV!GHJUHHVRIYDUXVKDGVLJQL¿FDQWO\PRUH:20$&
SDLQ S  EXWQRGLɣHUHQFHZDVSUHVHQWLQRWKHUIXQFWLRQDORXWFRPHVFRUHV
7KHGLɣHUHQFHLQPHFKDQLFDOD[LVRIWKHIUDFWXUHGOHJFRPSDUHGZLWKWKHXQLQMXUHG
OHJZDVQRWDVVRFLDWHGZLWKDQLQFUHDVHGULVNRISRVWWUDXPDWLF2$ S  3DWLHQWV
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ZLWKDUWLFXODUGHSUHVVLRQRUVWHSRɣLQWKH¿UVWSRVWRSHUDWLYHUDGLRJUDSKVKDGPRUH
:20$&SDLQ S  EXWQRGLɣHUHQFHLQRWKHUIXQFWLRQDORXWFRPHVFRUHV
Functional results of patients with medial plateau fractures are shown in Table 8.

Additional injuries
3HUPDQHQWSHURQHDOQHUYHG\VIXQFWLRQZDVIRXQGLQVL[RIWKHSDWLHQWV1RQHRI
WKHSDWLHQWVKDGYDVFXODULQMXULHV)DVFLRWRP\ZDVSHUIRUPHGRQVL[SDWLHQWVGXHWR
clinical signs of compartment syndrome. At the time of fracture stabilization, LCL
repair or reconstruction was performed on 10 patients (16%); 7 of the 20 (35%) with
isolated medial plateau fracture (B1.2, B3.2) and 3 of the 43 (7%) with an oblique
IUDFWXUHW\SH %% $GGLWLRQDOO\$&/DYXOVLRQ¿[DWLRQZDVSHUIRUPHGRQQLQH
patients (14%). One patient had delayed ACL reconstruction and another patient
had delayed ACL and PCL reconstructions.

5.3 STUDY III: USEFULNESS OF MRI AND ARTHROSCOPY IN
DIAGNOSTICS AND TREATMENT OF SOFT TISSUE INJURIES
ASSOCIATED WITH LATERAL TIBIAL PLATEAU FRACTURES
$UWKURVFRS\LGHQWL¿HGPHGLDOPHQLVFXVWHDULQVL[SDWLHQWV  ODWHUDOPHQLVFXV
tear in 12 patients (24%), and ACL rupture in two patients (4%). PCL rupture
was diagnosed clinically in two patients (4%). No lateral collateral ligament
/&/ UXSWXUHVZHUHLGHQWL¿HG0HGLDOFROODWHUDOOLJDPHQW 0&/ VWDELOLW\WHVWLQJ
preoperatively was not possible due to the lateral condyle fracture.

Meniscal tears
Of the 12 tears of the lateral meniscus, eight were bucket-handle tears, which were
treated using open suture repair, and the rest were radial tears treated with resection
WKUHH DUWKURVFRSLFDOO\ DQG RQH LQ DQ DUWKURWRP\  $OVR VL[ WHDUV RI WKH PHGLDO
PHQLVFXVZHUHLGHQWL¿HGLQDUWKURVFRS\RIZKLFK¿YHZHUHUHVHFWHGDQGRQHZDV
FRQVLGHUHGFOLQLFDOO\LQVLJQL¿FDQWQRWUHTXLULQJWUHDWPHQWTable 9 summarizes
05,VHQVLWLYLW\DQGVSHFL¿FLW\IRUGHWHFWLRQRIPHQLVFDOLQMXULHV
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Table 9. Diagnostic accuracy of MRI for detection of meniscal tears in patients with lateral tibial plateau
fracture.

Lateral meniscus tear
(n = 12)

Medial meniscus tear
(n = 6)

True positive

4

4

False positive

9

15

Sensitivity

33%

67%

Speciﬁcity

76%

66%

05,LGHQWL¿HG four of the 12 lateral meniscal tears, having an overall sensitivity of
33%. MRI diagnosed nine lateral tears among 38 menisci that did not contain a tear,
DQGWKXVVSHFL¿FLW\ZDV05,LGHQWL¿HGPHGLDOPHQLVFDOLQMXULHVLQIRXURIVL[
patients, yielding an overall sensitivity of 57%. In all, 14 medial tears were diagnosed
DPRQJPHQLVFLWKDWGLGQRWFRQWDLQDWHDUVSHFL¿FLW\ZDVWKHUHIRUH

Cruciate ligament ruptures
In arthroscopy, one complete ACL rupture was found, which MRI had detected as
a partial rupture. There was also one partial and combined ACL and PCL rupture
LQDUWKURVFRSLFDQGFOLQLFDOH[DPLQDWLRQZKLFKZDVGHWHFWHGDVRQO\DSDUWLDO3&/
UXSWXUHE\05,2QHFRPSOHWH3&/UXSWXUHZDVFRUUHFWO\LGHQWL¿HGE\ERWK05,
DQGDUWKURVFRS\FRPELQHGZLWKFOLQLFDOH[DPLQDWLRQXQGHUDQHVWKHVLD$OORIWKHVH
SDWLHQWVH[KLELWHGDQWHURSRVWHULRUNQHHOD[LW\LQIROORZXSFOLQLFDOH[DPLQDWLRQEXW
had no subjective symptoms of instability and did not require operative intervention.
MRI detected additionally one ACL rupture and one ACL avulsion injury, which
ZHUHIRXQGWREHQRUPDORQDUWKURVFRS\DQGVWDEOHGXULQJFOLQLFDOH[DPLQDWLRQ

Collateral ligament ruptures
One complete and seven partial LCL ruptures was detected by MRI, but none of
these patients demonstrated varus instability at the time of operation or at the followup visit, and thus, they were considered stable. Four complete and three partial
UXSWXUHVRIWKH0&/ZHUHLGHQWL¿HGE\05,DQGDOOZHUHWUHDWHGQRQRSHUDWLYHO\
7KUHHSDWLHQWVKDG0&/OD[LW\RQIROORZXSEXWDOORIWKHPZHUHDV\PSWRPDWLF
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Cartilage lesions
There were full-thickness cartilage lesions (grade IV) on the weight-bearing surface
in two patients: one on the lateral and the other on the medial femoral condyle.
Both of these lesions were treated with microfracture technique. One of them was
correctly visualized with MRI as a grade IV lesion, while the other went undetected.
MRI detected additionally four grade IV cartilage lesions of the weight-bearing
VXUIDFHLQWKUHHSDWLHQWVZKLFKLQDUWKURVFRS\ZHUHFRQ¿UPHGWREHRQO\JUDGH,,
to III in severity and did not require surgical intervention.

5.4 STUDY IV: RISK FACTORS FOR DEEP SSI
FOLLOWING PLATE FIXATION
Incidence and pathogens
The incidence of deep SSI was 5.2% (34 of 655 patients). There were 28 acute-onset
ZLWKLQPRQWKVRILQGH[VXUJHU\ DQGVL[ODWHRQVHW !PRQWKV LQIHFWLRQV$WWKH
time of infection onset, 76% of patients with deep infection had a raised C-reactive
protein value (>10 mg/L) and 44% had an elevated blood leucocyte count (>8.2
E9/L). Deep infections were monobacterial in 20 of 34 patients (59%), and the
three most prevalent pathogens were Staphylococcus aureus Q  Staphylococcus
epidermidis Q  DQGPseudomonas aeruginosa Q  

Treatment
2IWKHDFXWHRQVHWLQIHFWLRQSDWLHQWVSDWLHQWVUHTXLUHGPXVFOHÀDSFRYHUDJH
and nine were treated successfully only with antibiotic therapy and debridement.
Three patients with fulminant infections were treated eventually with an above-theknee amputation. One elderly patient with multiple comorbidities had persistent
infection and an elective above-the-knee amputation was planned, but the patient
GLHGGXHWRRWKHUFDXVHVEHIRUHWKHRSHUDWLRQ2IWKHVL[ODWHLQIHFWLRQV¿YHZHUH
treated with hardware removal and debridement. One elderly patient with an
aggressive infection and nonunion with severe bone loss was treated with an aboveWKHNQHHDPSXWDWLRQDIWHURQH\HDUIURPWKHLQGH[RSHUDWLRQ
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Risk factors for deep SSI
3DWLHQWDQGVXUJHU\UHODWHGULVNIDFWRUVWKDWVLJQL¿FDQWO\LQFUHDVHGWKHULVNRIGHHS
SSI are shown in Table 10. Since the patients who were initially treated with a
WHPSRUDU\VSDQQLQJH[WHUQDO¿[DWRUKDGDKLJKHUULVNRILQIHFWLRQ S WKH
HɣHFWRIH[WHUQDO¿[DWRUDQGSODWHRYHUODSZDVH[DPLQHG,QWKHLQIHFWLRQJURXS
  RIWKHSDWLHQWVKDGH[WHUQDO¿[DWRUDQGSODWHRYHUODSZKHUHDVRQO\
  RIWKHQRQLQIHFWHGJURXSKDGRYHUODSKRZHYHUWKLVGLɣHUHQFHZDV
QRWVLJQL¿FDQW S  
Table 10. Univariate logistic regression analyses for patient- and surgery-related risk factors for deep SSI.

Characteristic

Patients with infection
n=34 (%)

Control patients
n=136 (%)

P-value

Age t 50 years

24 (71)

64 (47)

0.016

29 (88)

87 (64)

0.012

Obesity (BMI t 30 kg/m )

14 (42)

25 (19)

0.005

Smoking

15 (44)

33 (24)

0.026

Alcohol abuse

15 (44)

19 (14)

<0.001

AO type C vs. type B fracture

20/9

47/83

0.002

AO type A vs. type B fracture

5/9

6/83

0.004

Open fracture*

6 (18)

7 (5)

0.021

Four-compartment fasciotomy

13 (38)

12 (9)

<0.0001

Use of external ﬁxator

21 (62)

33 (24)

<0.0001

Use of external ﬁxator (bicondylar
fractures only)

16/20 (80%)

24/47 (51%)

0.033

Operative time (mean, min)

211

171

0.031

Dual incision approach

18 (53)

39 (29)

0.009

Bicondylar plating

12 (35)

22 (16)

0.015

ASA grade 2–4
2

*All open fractures were classiﬁed as Gustilo grade III

In the multivariate analysis, the variables that remained independent predictors of
deep infection are presented in Table 11.
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Table 11. Independent risk factors in the multivariable logistic regression analysis for deep SSI.

Characteristic

P-value

OR (95% CI)

Age t50 years

0.015

3.6 (1.3, 10.1)

Obesity (BMI t30 kg/m2)

<0.001

6.5 (2.2, 18.9)

Alcohol abuse

<0.001

6.7 (2.4, 19.2)

AO type C vs. Type B fracture

0.039

2.8 (1.1, 7.5)

AO type A vs. Type B fracture

0.42

2.1 (0.4, 12.3)

Use of external ﬁxator

0.009

3.9 (1.4, 11.1)

Four compartment fasciotomy

0.017

4.5 (1.3, 15.7)
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6. DISCUSSION

6.1 PREDICTORS OF OSTEOARTHRITIS AFTER LATERAL TIBIAL
PLATEAU FRACTURES
The patients in this study had a good general outcome following surgical treatment
of their injury. The mean WOMAC score at follow-up was similar to populationEDVHGQRUPDWLYHYDOXHV %HOODP\HWDO DQGWKHPHDQPRGL¿HG/\VKROPVFRUH
was also good and comparable to other studies concerning operative treatment of
lateral tibial plateau fractures (Horstmann et al. 2003, Siegler et al. 2011).
Another focus of the study was to evaluate how surgery- and patient-related
IDFWRUVLQÀXHQFHWKHFOLQLFDODQGUDGLRJUDSKLFRXWFRPHV6HYHUDOSUHYLRXVVWXGLHV
have claimed that local residual irregularity of the articular surface is not an
important factor in predicting functional outcome (Rasmussen 1973, Lansinger et al.
1986, Stevens et al. 2001, Weigel and Marsh 2002) or development of posttraumatic
OA (Rademakers et al. 2007). However, two earlier studies have shown that stepRɣVLQH[FHVVRI±PPOHDGWRORZHUFOLQLFDODQGIXQFWLRQDOUHVXOWV +RQNRQHQ
1994, Singleton et al. 2017). In our study, patients with residual depression of the
DUWLFXODUVXUIDFHRI!PPKDGVLJQL¿FDQWO\PRUHVHYHUH .HOOJUHQ/DZUHQFHJUDGH
3–4) posttraumatic OA. Articular surface depression >2 mm was also associated
with poorer WOMAC functional and pain scores. Although these functional results
ZHUHVWDWLVWLFDOO\VLJQL¿FDQWWKHGLɣHUHQFHVZHUHVPDOODQGPD\QRWEHFOLQLFDOO\
relevant (Angst et al. 2001, Tubach et al. 2005).
5DGHPDNHUVHWDO  VKRZHGWKDWSDWLHQWVZLWKPHFKDQLFDOD[LVPDODOLJQPHQW
of >5° after plateau fracture developed a moderate to severe grade of OA more
RIWHQWKDQSDWLHQWVZLWKDQDQDWRPLFNQHHD[LVDVHYDOXDWHGIURPVWDQGLQJNQHH
radiographs (27% vs. 9%) over a mean 14-year follow-up. Another study revealed
that patients with >5° of valgus after plateau fracture had poorer functional and
FOLQLFDOUHVXOWV +RQNRQHQ 2QHVWXG\IRXQGQRFRUUHODWLRQRIPHFKDQLFDOD[LV
with functional end result (Singleton et al. 2017). In the current study, patients with
!YDOJXVLQPHFKDQLFDOD[LVKDGGHYHORSHGVLJQL¿FDQWO\PRUHVHYHUH .HOOJUHQ
Lawrence grade 3–4) posttraumatic OA already at medium-term follow-up. This
suggests that the unfavorable consequences of such a mechanical disadvantage to
the articular surface may begin at a very early stage.
.QHHLQVWDELOLW\DVVRFLDWHGZLWKIUDFWXUHFDQEHFDXVHGE\OLJDPHQWRXVLQMXU\
RUERQ\GHIRUPDWLRQGXHWRIUDFWXUH.QHHLQVWDELOLW\KDVSUHYLRXVO\EHHQQRWHGWR
EHDQLPSRUWDQWIDFWRULQÀXHQFLQJIXQFWLRQDORXWFRPHDQGWREHDQLQGLFDWRUIRU
operative treatment after tibia plateau fracture (Rasmussen 1973, Schatzker et al.
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1979, Moore 1981). In our study population, 18% of patients had minor residual
0&/OD[LW\DWIROORZXSZKLFKZDVDVLPLODUOHYHORUOHVVWRZKDWKDVSUHYLRXVO\
been noted in other studies (Honkonen 1994, Ali et al. 2002). In the present study,
residual MCL instability was not associated with functional outcome scores, whereas
UHVLGXDO $&/ OD[LW\ ZDV DVVRFLDWHG ZLWK LQIHULRU PRGL¿HG /\VKROP VFRUHV 7KLV
LPSOLHVWKDWFRQFRPLWDQW$&/DYXOVLRQVVKRXOGEH¿[HGDWWKHWLPHRILQMXU\LIDQ\
dislocation is present.
Earlier, it has been noted that older age predicts worse functional outcome after
tibia plateau fracture (Stevens et al. 2001). The present study also revealed that
older patients had more advanced secondary OA and poorer WOMAC functional
scores at follow-up than younger patients.
In a prospective randomized study of 119 patients with Schatzker I–VI type
fracture, bioresorbable calcium phosphate cement was shown to be better than
autogenous iliac bone graft in preventing fracture subsidence (Russell and Leighton
 ZKHQ¿[DWLRQZDVGRQHZLWKFRQYHQWLRQDOSODWHVRUVFUHZVRQO\,QRXUVWXG\
QRGLɣHUHQFHZDVIRXQGLQDUWLFXODUGHSUHVVLRQRUPHFKDQLFDOD[LVDFFRUGLQJWR
YRLG¿OOHUXVHG+RZHYHUPRVWRIRXUSDWLHQWVZHUHRSHUDWHGRQXVLQJDQDQJXODU
stable plate, which may be a confounding factor.

6.2 PREDICTORS OF OSTEOARTHRITIS AFTER MEDIAL TIBIAL
PLATEAU FRACTURES
2XU ¿UVW JRDO ZDV WR HYDOXDWH IUDFWXUH DQG VXUJHU\UHODWHG IDFWRUV WKDW FRXOG
LQÀXHQFHWKHGHYHORSPHQWRISRVWWUDXPDWLF2$In this study, 17 of 41 patients (41%)
GHYHORSHG VHYHUH.HOOJUHQ/DZUHQFHJUDGH±SRVWWUDXPDWLF2$DIWHUDPHDQ
follow-up of 7.6 years, and two of these patients had already undergone total knee
arthroplasty. Earlier studies have shown that the development of posttraumatic OA
may be caused by initial trauma to the tibial plateau cartilage (Roos 2005, Furman
HWDO/RW] RULWDQDOWHUHGD[LDOORDGLQJSDWWHUQWRWKHWLELDOSODWHDX
caused by articular incongruence (Honkonen 1994, Parkkinen et al. 2014). In our
study, the initial depression of the fracture, as seen on the preoperative CT scan,
predicted the development of OA. However, the fracture subtype according to AO/
27$FODVVL¿FDWLRQGLGQRWSUHGLFW2$7KHGLɣHUHQFHVEHWZHHQWKHWZRJURXSVLQ
the quality of postoperative reduction were minimal, and the depression, measured
IURPWKH¿UVWSRVWRSHUDWLYH[UD\DQG&7VFDQDWWKHHQGRIIROORZXSGLGQRW
predict the development of posttraumatic OA.
The other objective was to evaluate functional outcomes and the type of
concomitant injuries associated with these fractures. The patients had generally
good functional outcome after ORIF. Patients in the OA group had statistically
ZRUVH:20$&IXQFWLRQDQGPRGL¿HG/\VKROPVFRUHV3DWLHQWVZLWK!RIYDUXV
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PDODOLJQPHQWRUPPRIDUWLFXODUGHSUHVVLRQRUVWHSRɣKDGVLJQL¿FDQWO\PRUH
WOMAC pain. Previous MRI studies have shown a high incidence of concomitant
injuries among medial plateau fractures; one study reported that the incidence
RIFRPSOHWH/&/UXSWXUHZDVLQ6FKDW]NHU,9IUDFWXUHV Q   *DUGQHUHWDO
2005). Furthermore, unsatisfactory results have been reported after conservative
WUHDWPHQWRIFRPSOHWH JUDGH,,, /&/LQMXULHV .DQQXV ,QWKHSUHVHQWVWXG\
10 patients (16%) had grade III LCL rupture at the clinical evaluation necessitating
UHFRQVWUXFWLRQDQGSDWLHQWV  KDG$&/DYXOVLRQ¿[HGDQGDOORIWKHVHZHUH
found to be clinically stable at the follow-up. A routine MRI is advisable when
treating these fractures since there seems to be a high prevalence of ligament injuries
demanding early operative treatment. One previous study noted that the severity
of associated injuries tended to increase as the main fracture line moved laterally
(Wahlquist et al. 2007). By contrast, we found that most of the LCL ruptures and
peroneal nerve injuries were seen in isolated medial plateau fractures with an
intact lateral plateau. Medial plateau fractures have also been suggested to entail
an increased risk for vascular injury (Moore 1981). In one study, with 9 Schatzker
type IV fractures, a routine arteriography was performed, but no vascular injuries
were found (Bennet and Browner 1994). In the current study, which contained 63
patients with medial plateau fracture, no vascular injuries were seen.

6.3 USEFULNESS OF MRI AND ARTHROSCOPY IN
DIAGNOSTICS AND TREATMENT OF SOFT TISSUE INJURIES
ASSOCIATED WITH LATERAL TIBIAL PLATEAU FRACTURES
The purpose of this study was to determine whether the incidence of concomitant
LQMXULHVSUHRSHUDWLYHO\GHWHFWHGXVLQJ05,FRUUHODWHGZLWKDUWKURVFRSLF¿QGLQJV
Previous MRI studies have shown a high incidence of soft tissue injuries concomitant
to lateral tibial plateau fractures (Barrow et al. 1994, Coletti et al. 1996, Gardner et
al. 2005, Mustonen et al. 2008), whereas in arthroscopic studies the incidence has
EHHQORZHU *LOOHWDO.D\DOLHWDO5RVVLHWDO ,QWKLVVWXG\WKH
incidence of concomitant injuries was lower than reported in earlier MRI studies.
Most often, the concomitant injuries involved the menisci. Our study showed that,
LQWKHSUHVHQFHRIDODWHUDOFRQG\OHIUDFWXUHRIWKHWLELDWKHVHQVLWLYLW\DQGVSHFL¿FLW\
of MRI are low for the diagnosis of meniscal injuries. In the absence of fracture,
05,KDVDVHQVLWLYLW\RI±DQGVSHFL¿FLW\RI±IRUGLDJQRVLVRIDPHGLDO
PHQLVFXVWHDUDQGDVHQVLWLYLW\RI±DQGVSHFL¿FLW\RI±IRUDODWHUDO
meniscus tear (Sampson et al. 2008, Behairy et al. 2009). The reduced sensitivity
DQGVSHFL¿FLW\RI05,LQWKHSUHVHQFHRIIUDFWXUHPD\EHGXHWRGLVWRUWHGDQDWRP\
FRPELQHGZLWKWKHHɣHFWVRILQWUDDUWLFXODUIUDFWXUHIUDJPHQWV$GGLWLRQDOO\05,
LPDJHTXDOLW\PLJKWEHDɣHFWHGE\SDLQLQGXFHGPRWLRQDUWLIDFW
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In the current study, the incidence of meniscal lesions diagnosed arthroscopically
(24% lateral meniscus and 12% medial meniscus tear) was similar to previous
VWXGLHVXVLQJ$5,) *LOOHWDO.D\DOLHWDO5RVVLHWDO ,QWKHVH
studies, meniscal tears have most often been on lateral menisci, and all of the medial
meniscus tears needing intervention have been treated with resection. One study
including Schatzker II fractures reported a higher number of associated meniscal
OHVLRQV¿QGLQJPHQLVFDOWHDUVDPRQJSDWLHQWV\HWWKHVWXG\GLGQRWVSHFLI\
whether the lateral or medial meniscus was involved (Abdel-Hamid et al. 2006).
Another aim of the study was to evaluate the proportion of concomitant injuries
that require arthroscopic intervention. One advantage of ARIF has been considered
WREHWKHLGHQWL¿FDWLRQDQGVLPXOWDQHRXVUHSDLURILQWUDDUWLFXODUVRIWWLVVXHLQMXULHV
(Fowble et al. 1993, Abdel-Hamid et al. 2006). In the current study, there were
eight suturable bucket-handle tears, all on the lateral side, and these were treated
with an open suture repair technique through the arthrotomy used for ORIF.
Additionally, one lateral meniscus tear was resected through the arthrotomy, and
three were resected arthroscopically. Medial meniscus injuries cannot be detected
IURPDQDQWHURODWHUDORSHQVXUJLFDODSSURDFK)URPWKHVL[PHGLDOPHQLVFXVWHDUV
¿YHZHUHUHVHFWHGDUWKURVFRSLFDOO\DQGRQHUHTXLUHGQRRSHUDWLYHLQWHUYHQWLRQ
Some of the medial meniscal tears may have occurred prior to the fracture since a
population-based MRI study has shown degenerative asymptomatic meniscal tears
to be highly prevalent (23%) among middle-aged and elderly adults, even in the
absence of radiological signs of OA or pain (Englund et al. 2008). A study has also
demonstrated that patients with degenerative medial meniscus tears and no knee
2$UHFHLYHGQREHQH¿WIURPSDUWLDOPHQLVFHFWRP\UHODWLYHWRWKRVHZLWKDVKDP
surgical procedure (Sihvonen et al. 2013).
In the current study, we found no bucket-handle tears of the medial meniscus
or tears that could have been repaired. It remains unknown whether the medial
meniscal tears would have caused any clinical symptoms had they been left untreated
DUWKURVFRSLFDOO\ DW WKH WLPH RI IUDFWXUH ¿[DWLRQ $GGLWLRQDOO\ QRQH RI WKH WKUHH
cruciate ligament injury patients required surgical treatment, and only two patients
with cartilage lesions were treated with microfracture. Therefore, arthroscopy did
QRWRɣHUVLJQL¿FDQWDGYDQWDJHVLQWKHWUHDWPHQWRIPRVWRIWKHVHLQMXULHV

6.4 RISK FACTORS FOR DEEP SSI
The focus of the study was to identify risk factors for deep SSI following plate
¿[DWLRQRISUR[LPDOWLELDOIUDFWXUHVXVLQJHVWDEOLVKHGFULWHULDIRUGHHSLQIHFWLRQ
The study found several patient- and surgery-related risk factors for SSI in the
XQLYDULDWH DQDO\VLV $JH  \HDUV %0,  NJP2, alcohol abuse, AO type C
IUDFWXUHIRXUFRPSDUWPHQWIDVFLRWRP\DQGXVHRIWHPSRUDU\H[WHUQDO¿[DWLRQZHUH
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all independent risk factors for deep infection. The study also showed that deep
LQIHFWLRQLQSODWHGSUR[LPDOWLELDOIUDFWXUHVFDUULHVVXEVWDQWLDOPRUELGLW\
The rate of deep SSI was 5.2%, which is somewhat lower than reported in previous
VWXGLHV ± DVVHVVLQJULVNIDFWRUVIRULQIHFWLRQLQSDWLHQWVZLWKSODWHGSUR[LPDO
WLELDOIUDFWXUHV &ROPDQHWDO0RUULVHWDO5XɣRORHWDO 7KLVLV
SUREDEO\GXHWRWKHPRUHULJRURXVGH¿QLWLRQRIGHHSLQIHFWLRQXVHGLQRXUVWXG\
Some of the commonly recognized patient-related risk factors for SSI include
REHVLW\VPRNLQJDQGGLDEHWHVZLWKFRPSOLFDWLRQV .DUXQDNDUHWDO6X]XNL
et al. 2010, Wukich et al. 2010, Morris et al. 2013, Ovaska et al. 2013, Wukich et
al. 2014). Obesity has previously been shown to increase the infection rate in the
RSHUDWLYHWUHDWPHQWRIDFHWDEXODUIUDFWXUHV .DUXQDNDUHWDO6X]XNLHWDO
2010), and also in the current study it was a risk factor for deep SSI in the treatment
RISUR[LPDOWLELDIUDFWXUHV(DUOLHUVWXGLHVRISUR[LPDOWLELDIUDFWXUHVKDYHUHSRUWHG
that patient age did not correlate with increased infection risk (Colman et al. 2013,
0RUULVHWDO :HIRXQGWKDWDJH\HDUVZDVDQLQGHSHQGHQWULVNIDFWRUIRU
deep SSI. The current study also revealed that alcohol abuse was an independent
ULVNIDFWRUIRUGHHSLQIHFWLRQ6PRNLQJZDVDVLJQL¿FDQWULVNIDFWRULQRXUXQLYDULDWH
analysis, but not in the multivariable analysis. This may be due to strong interactions
between smoking and other health-compromising behaviors since a recent study
has shown tobacco use to be a risk factor for infection when treating bicondylar
IUDFWXUHV 0RUULV HW DO   ,Q DFFRUGDQFH ZLWK SUHYLRXV VWXGLHV RI SUR[LPDO
tibia fractures, diabetes was not found to increase the infection rate in our study,
ZKLFK PD\ DOVR EH H[SODLQHG E\ ǃW\SH HUURU &ROPDQ HW DO  0RUULV HW DO
5XɣRORHWDO 
(DUO\DWWHPSWVRISODWH¿[DWLRQWKURXJKDVLQJOHPLGOLQHLQFLVLRQZHUHFRPSOLFDWHG
by unacceptably high infection rates, up to 80% (Mallik et al. 1992, Young and
Barrack 1994). There has been a marked decrease in infection rates since adopting
WKHVWDJHGWUHDWPHQWPRGDOLW\ ZLWKDWHPSRUDU\VSDQQLQJH[WHUQDO¿[DWRURUDVOLQJ 
and the dual incision approach (Barei et al. 2004, Egol et al. 2005, Morris et al. 2013).
7KLVDOORZVWKHVRIWWLVVXHHQYHORSHWRUHFRYHUEHIRUHGH¿QLWLYH¿[DWLRQDQGDOVR
DYRLGVH[WHQVLYHVRIWWLVVXHGLVVHFWLRQ<HWWKHUHKDVEHHQFRQVWDQWXQFHUWDLQW\DERXW
ZKHWKHUWHPSRUDU\VSDQQLQJH[WHUQDO¿[DWRUFDUULHVDQLQFUHDVHGULVNRILQIHFWLRQ
$UHFHQWVWXG\IRXQGWKDWXVHRIDQH[WHUQDO¿[DWRULQSUR[LPDOWLELDOIUDFWXUHVZDV
DVVRFLDWHGZLWKDKLJKHULQIHFWLRQUDWHWKDQXVHRIQRH[WHUQDO¿[DWRUEXWLWZDVQRW
an independent risk factor of SSI (Colman et al. 2013). A similar result emerged in
another study, where 81% of bicondylar fractures with infection had a temporary
H[WHUQDO¿[DWRUEHIRUH25,) 0RUULVHWDO ,WKDVDOVREHHQVSHFXODWHGWKDW
H[WHUQDO¿[DWRUXVHPD\PHUHO\UHÀHFWLQMXU\VHYHULW\DQGJUHDWHUVRIWWLVVXHWUDXPD
which lead to a higher incidence of infection. In our study, the use of a temporary
VSDQQLQJH[WHUQDO¿[DWRUZDVIRXQGWREHDQLQGHSHQGHQWULVNIDFWRUIRULQIHFWLRQ
DVZDVIUDFWXUHVHYHULW\ $2W\SH& ([WHUQDO¿[DWRUSLQVLWHFRORQL]DWLRQKDVEHHQ
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WKRXJKWWREHDSRWHQWLDOULVNIDFWRUIRULQIHFWLRQLIWKHSODWHH[WHQGVWRWKHSLQVLWH
DUHD\HWFRQWURYHUV\H[LVWVRQWKLVVXEMHFW2QHVWXG\IRXQGQRFRUUHODWLRQEHWZHHQ
LQIHFWLRQDQGRYHUODSSLQJRIWKH¿[DWRUSLQVLWHZLWKWKHSODWH /DLEOHHWDO 
whereas another study noted that this increased the risk of infection (Shah et al.
2014). In our study, pin overlap was associated with higher infection risk, but the
GLɣHUHQFHZDVQRWVWDWLVWLFDOO\VLJQL¿FDQW %DVHGRQRXU¿QGLQJVZHUHFRPPHQGSLQ
SODFHPHQWDZD\IURPWKH¿HOGRISODQQHGLQWHUQDO¿[DWLRQWRUHGXFHWKHOLNHOLKRRG
RISLQVLWHFRORQL]DWLRQLQWHUIHULQJZLWKGH¿QLWLYH¿[DWLRQ2XUUHFRPPHQGDWLRQ
is also that pin sites should be debrided and covered until the wounds are closed
DIWHULQWHUQDO¿[DWLRQWRPLQLPL]HWKHULVNRIFRQWDPLQDWLRQ
The reported incidence of compartment syndrome needing fasciotomy in the
treatment of bicondylar fractures has ranged from 7% to 27% (Barei et al. 2004,
6WDUN HW DO  0RUULV HW DO  5XɣROR HW DO   3HUIRUPLQJ LQWHUQDO
¿[DWLRQLQWKHSUHVHQFHRIDQRSHQIDVFLRWRP\KDVFDXVHGFRQFHUQWKDWLWPLJKW
increase the infection rate. One study with bicondylar fractures found that patients
with fasciotomies performed prior to ORIF carried the highest likelihood of deep
LQIHFWLRQ 0RUULV HW DO   )DVFLRWRP\ FORVXUH EHIRUH GH¿QLWLYH ¿[DWLRQ KDV
EHHQVKRZQWREHDVVRFLDWHGZLWKVLJQL¿FDQWO\IHZHUGHHSLQIHFWLRQVWKDQLQWHUQDO
¿[DWLRQZLWKRSHQIDVFLRWRP\ZRXQGV 5XɣRORHWDO +RZHYHUDQRWKHUVWXG\
VKRZHG QR GLɣHUHQFH LQ LQIHFWLRQ UDWH ZKHWKHU WKH GH¿QLWLYH ¿[DWLRQ ZDV GRQH
before, at the same time, or after fasciotomy closure (Zura et al. 2010). Performing
single or dual incision fasciotomies in patients with tibial plateau or shaft fractures
KDVQRWEHHQVKRZQWRDɣHFWWKHLQIHFWLRQUDWHV %LEOHHWDO ,QRXUVWXG\
development of compartment syndrome leading to four-compartment fasciotomy
was an independent risk factor for deep infection. The diagnosis of compartment
syndrome in our clinic has been in nearly all cases only clinical, and compartment
pressure measuring devices might be a useful supplement to clinical assessment in
deciding when to perform fasciotomies (McQueen and Court-Brown 1996).

6.5 LIMITATIONS AND STRENGTHS OF THE STUDY
The principal weakness of Studies I and II was their retrospective nature;
development of OA is multifactorial and data on variables are often limited.
Moreover, being a medium-term follow-up study, the follow-up time in Study I
was relatively short. Another limitation was that 33% of patients in Study I and
35% in Study II were lost to follow-up, yet this level is similar to other previous
studies (Honkonen 1994, Rademakers et al. 2007, Siegler et al. 2011). Measurement
of articular depression at the follow-up visit in Study I was performed from plain
radiographs. This is challenging and can be associated with errors, and thus, is
acknowledged as a limitation (Mustonen et al. 2005). Therefore, in Study II CT
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was used to more reliably determine articular depression at the end of followup. In a prospective setting, the use of CT both postoperatively and at follow-up
would enable even more reliable assessment of articular depression. Important
strengths of Studies I and IIZHUHWKHVHOHFWLRQRIRQO\RQHVSHFL¿FIUDFWXUHW\SH
WRPLQLPL]HWKHHɣHFWVRIKHWHURJHQHRXVIUDFWXUHSDWWHUQVRQWKHVHRXWFRPHVDQG
the use of validated outcome measurement tools. To our knowledge, Study II is
DOVRWKHODUJHVWLQWKH(QJOLVKOLWHUDWXUHH[DPLQLQJWKHRXWFRPHVRIPHGLDOWLELDO
plateau fractures.
Study III may have limitations in the use of arthroscopy as the reference
standard for the diagnosis of associated injuries, as intra-articular hematoma can
reduce visibility. Also compression of the lateral plateau can restrict the view of
WKHSRVWHULRUKRUQRIWKHPHGLDOPHQLVFXVDVSURYLGLQJYDOJXVVWUHVVLVGLɤFXOW
To our knowledge, Study IIILVWKH¿UVWSURVSHFWLYHVWXG\FRPSDULQJWKHXVHRI
MRI with arthroscopy in the diagnosis of concomitant injuries in patients with split
depression lateral plateau fracture of the tibia.
As deep SSIs are uncommon, a retrospective case-control study is an accepted
design for analysis of risk factors for postoperative infection (Study IV).
A limitation is the reliance on data provided by medical charts since there may
EHXQGHUUHSRUWLQJHVSHFLDOO\RISDWLHQWVSHFL¿FIDFWRUVVXFKDVVPRNLQJ7RFRQWURO
IRUWKHVHUHSRUWLQJGH¿FLHQFLHVWKHUHFRUGVIURPDOORWKHUPHGLFDO¿HOGVZHUHDOVR
assessed. To the best of our knowledge, Study IV is the largest case-control study
RIULVNIDFWRUVIRUGHHSLQIHFWLRQDIWHUSUR[LPDOWLELDOIUDFWXUHSODWH¿[DWLRQWKDWKDV
utilized established criteria for deep infection.

6.6 FUTURE ASPECTS
Fracture classification is done nowadays based on CT scans, and surgical
approaches should be planned accordingly (Luo et al. 2010). Fractures with the
main involvement at the posterior column should be managed via the posterior
DSSURDFK)OXRURVFRS\LVQRWDUHOLDEOHPHWKRGWRDVVHVVWKHUHGXFWLRQUHVXOW .UDXVH
HWDO0HXOHQNDPSHWDO 7KHUHGXFWLRQVKRXOGDOVREHYHUL¿HGZLWK
one of the following: direct visualization through an open approach, arthroscopy
ZLWKRUZLWKRXWÀXLGRUSHULRSHUDWLYH&7VFDQ
7KHLPSRUWDQFHIRUIXQFWLRQDOUHVXOWRIWKHH[DFWUHGXFWLRQRIFHUWDLQSODWHDX
areas – e.g. the posterolateral central area, the reduction of which is very challenging
and may necessitate more demanding approaches – remains unclear. Comminuted
fracture patterns have usually involved the lateral plateau, but they have recently also
been described on the medial side of elderly females, with diminished subchondral
ERQHVWUXFWXUH .UDXVHHWDO 

60

Postoperative CT scan should be the standard method for the evaluation of
TXDOLW\RIWKHUHGXFWLRQLQWKHIXWXUH 0XVWRQHQHWDO  7KH³WHQVHJPHQW
FODVVL¿FDWLRQ´FRXOGEHDXVHIXOWRROLQGLVWLQJXLVKLQJWKHGLɣHUHQWDUHDVRIWKHWLELD
plateau more thoroughly.
2SHQUHGXFWLRQDQGLQWHUQDOSODWH¿[DWLRQSURYLGHWKHEHVWDQDWRPLFDOUHGXFWLRQ
results. However, since good functional results have also been obtained with
PLQLPDOO\LQYDVLYHUHGXFWLRQDQGK\EULGH[WHUQDO¿[DWLRQZLWK&W\SHIUDFWXUHWKLV
¿[DWLRQPHWKRGVKRXOGEHFRQVLGHUHGPRUHRIWHQIRUSDWLHQWVDWKLJKULVNIRUGHHS
SSI. Even though minimally invasive reduction probably leads to a less satisfactory
articular surface reduction, it does not seem to provide an inferior functional result as
long as the knee becomes stable and normal alignment is achieved postoperatively.
1HYHUWKHOHVVPRUHVWXGLHVDUHQHHGHGWRGHWHUPLQHWKHWUXHVLJQL¿FDQFHRIDVSHFL¿F
anatomic articular reduction for the end result.
+LJKTXDOLW\UDQGRPL]HGFRQWUROWULDOVDUHUHTXLUHGWRLGHQWLI\WKHEHVW¿[DWLRQ
PHWKRGIRUGLɣHUHQWW\SHVRISODWHDXIUDFWXUHV/RFNLQJSODWHVDUHHVSHFLDOO\XVHIXO
when there is a bicondylar fracture, which disconnects the condyles from the
diaphysis of the tibia, since locking plates can be placed in a minimally invasive
way distally. Remaining controversial is their role in preventing the loss of achieved
reduction of articular surface relative to conventional plates.
Performing fasciotomies for compartment syndrome entails an elevated risk for
deep SSI, and the role of vacuum-assisted closure in preventing this risk should be
a focus of future studies.
7KHWUHDWPHQWRISUR[LPDOWLELDIUDFWXUHVUHPDLQVDFKDOOHQJHIRURUWKRSHGLF
VXUJHRQV :LWK WKH DJLQJ RI WKH SRSXODWLRQ ZH DUH OLNHO\ WR VHH PRUH FRPSOH[
fracture patterns also involving the medial plateau. Careful assessment of the
fracture with the use of CT scan to guide the selection of approach is essential.
The use of newer posterior approaches and arthroscopy-assisted techniques, when
necessary, is important to achieve good anatomical reduction, leading to the best
long-term results.
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7. CONCLUSIONS

On the basis of these clinical studies, the following conclusions can be drawn:
 5HVWRUDWLRQDQGPDLQWHQDQFHRIDUWLFXODUFRQJUXLW\ PPGHSUHVVLRQ DQG
PHFKDQLFDOD[LV GHJUHHVRIYDOJXV RIWKHNQHHDIWHUSODWH¿[DWLRQRIODWHUDO
tibial plateau fractures seem to have a role in preventing posttraumatic arthritis,
but do not appear to predict clinical outcome in medium-term follow-up.
2. With ORIF of medial tibial plateau fractures, good functional results can
EH H[SHFWHG EXW SRVWWUDXPDWLF 2$ LV FRPPRQ   7KH LQLWLDO DUWLFXODU
depression at preoperative CT scans seems to predict the development of OA,
SUREDEO\UHÀHFWLQJWKHVHYHULW\RIFKRQGUDOGDPDJHDWWKHWLPHRIIUDFWXUH/DWHUDO
collateral ligament injuries are common, especially in isolated medial plateau
IUDFWXUHV5HVWRUDWLRQRIPHFKDQLFDOD[LVDQGDUWLFXODUFRQJUXHQFHLVLPSRUWDQW
DVPHFKDQLFDOD[LV!GHJUHHVRIYDUXVDQGPPDUWLFXODUGHSUHVVLRQRUVWHS
RɣDUHDVVRFLDWHGZLWKZRUVH:20$&SDLQVFRUHV
 05,KDVORZVHQVLWLYLW\DQGVSHFL¿FLW\LQWKHGLDJQRVLVRIFRQFRPLWDQWLQMXULHV
in the lateral tibial plateau fracture setting. Nearly all of the clinically relevant
concomitant injuries could be treated through the same lateral arthrotomy at
the time of ORIF without the need for additional arthroscopy.
 +LJKPRUELGLW\LVDVVRFLDWHGZLWKGHHS66,LQSODWHGSUR[LPDOWLELDOIUDFWXUHV
3DWLHQWV\HDUVZKRDUHREHVHKDYHDKLVWRU\RIDOFRKRODEXVHRUKDYH$2
type C fracture are at high risk for infection. Performing a fasciotomy increases
the risk of deep infection and should be implemented with meticulous technique
when deemed necessary.
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