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RADIUS BASI KIRIKLARI
Girisg

Radius basi kiriklarn oldukea siktir. Dirsek kiriklari-
nin yaklasik 1/3’tni olusturur. Butiin dirsek travma-
lar degerlendirildiginde yaklasik %20’sinde radius basi
ve/veya boyun kingi oldugu tahmin edilmektedir.[]
Radius basi kiriklan radius boyun kiriklarindan yedi
kat fazla goriilmektedir.l%]

Son c¢alismalar radius basi kiriklarnina siklikla ‘ek
yaralanmalann’ eslik ettigini gostermistir. Lateral
kollateral bag (LKB) ruptiirii, mediyal kollateral bag
(MKB) rupturii, kikirdak lezyonlarn ve iliskili kinklar
6zellikle Mason Tip 3 ve 4 kirklarda oldukga sik go-
rilmektedir.[21Ek yaralanmalarin arastirlmasi acil ser-
viste ayrintih bir 6zgecmis, dikkatli bir fizik tedavi ve
uygun gorintiileme ile baslar.

MKB valgus giiglerine karsi ana stabilizatér oldugu
icin, eger saglamsa radius basi valgus stabilitesine her-
hangi bir katkida bulunmaz. Ancak eger MKB’de yirtik
ve/veya koronoid cikintida MKB’nin ulnar ayak izini
iceren kirk varsa, ki standart radyografilerde belirle-
mek zor olabilir, radius basi dirsegin ikincil ana stabili-
zatdri olarak gérev alir.

Radius basi kiriklan tarihsel olarak Mason sinifla-
masina gore siniflandirilir.[*! Siklikla eslik eden 6nemli
lezyonlar olmasi nedeniyle, biz iliskili travmatik dirsek
lezyonlarini iceren Tip 4 siniflamay icinde bulunduran
Johnston’in genisletilmis Mayo siniflamasini (Tablo 1)
kullanmaktayiz.[*]

RADIAL HEAD FRACTURES
Introduction

Radial head fractures are very common; they com-
promise of up to 1/3 of all elbow fractures. In all elbow
traumas it is estimated that in nearly 20% radial head
and neck fractures occur.l"? Radial head fractures oc-
cur seven times more than neck fractures.[!

Recent studies revealed that radial head fractures are
often accompanied by ‘associated injuries’. Rupture of
lateral collateral ligament (LCL), medial collateral liga-
ment (MCL), chondral lesions, and associated frac-
tures are seen quite often especially in Mason Type 3
and 4 fractures.[?] Screening for associated injury starts
at the emergency department with a thorough history,
a careful physical examination, and proper imaging.

As the medial collateral ligament is the primary sta-
bilizer to valgus forces, the radial head does not pro-
vide any valgus stability if the MCL is intact. However,
if there is a rupture of the MCL and/or a fracture of
the coronoid process including the ulnar footprint of
the MCL, which may be hard to identify on standard
radiographs, the radial head is an essential secondary
stabilizer of the elbow.

Radial head fractures are historically classified ac-
cording to the Mason classification.[*! Since there are
often important associated lesions, we use the extend-
ed Mayo classification according to Johnston (Table 1)
which includes a Type 4 injury representing associated
traumatic elbow lesions.[*]

Table 1. Mason-Johnston classification of radial head fractures

Type Description

1 Non-displaced fracture

2 Minimal displacement with angulation or impression
3 Comminuted fracture with dislocation
4

Radial head fracture with dislocation of elbow
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Yakin zamanda Van Riet ve arkadaslarn da yine iliskili
yaralanmalar tizerine odaklanmis bir siniflama tanim-
ladilar.[®] Eger standart radyografiler yaralanma ile il-
gili yeterli bir siniflama yapmaya imkan vermiyorsa, ek
olarak dirsegin bilgisayarli tomografisi (BT) cekilerek
kink parcalarnin ¢ikik miktarlari ve dirsekte eslik eden
yaralanmalar degerlendirilir. Radius basi kiriklar sik-
likla standart grafilerde goriilenden daha komplekstir
ve radius basi kinginin gcikik miktarn standart grafilerde
gorilenden daha az ciddidir.l”! Eslik eden yaralanmalar
normal klinik degerlendirme sirasinda siklikla goz ardi
edilir.

Cerrahi endikasyonlar

Mason Tip 1 kiriklar konservatif olarak tedavi edi-
lebilir. Eklem aspirasyonu ya da algi ile tespite gerek
yoktur.[8]

izole radius basi kiriklarinin cerrahi tedavisi igin endi-
kasyonlar deplase (Tip 2 ve 3) kiriklar ve/veya pronas-
yon ve supinasyonda (<70%) kisithliktir. Tecriibemize
gore, ilk muayene sirasinda pronasyon ve supinasyon-
da var olan kisitliliklar cerrahi girisim yapilmadig; siire-
ce takiplerde, iyilesme tamamlandiginda ya da sonra-
sinda azalmaz.

Minimal deplase Tip 2 kiriklarin tedavisi tartismali-
dir; ideal tedavi yontemini bulmak i¢in daha ileri aras-
tirmalar gerekmektedir.

Ek yaralanmalarin eslik ettigi Tip 4 kiriklarda tedavi
kendine hastir ve daha sonra tartisilacaktir.

Onemli noktalar ve sik yapilan hatalar

- Radius basi kiriklarinin rediiksiyon ve tespiti art-
roskopik ya da agik olarak yapilabilir. Farkli vidalar
kullanilarak ayni sonuglar elde edilebilir.['l Ancak,
6nemli olan vidalan eklem yiizii olmayan bélgeye
yerlestirmek ya da bassiz vidalar kullanarak kikir-
dagin altina gémmektir. Mutlaka dirsegin supi-
nasyon ve pronasyona tam gelip gelmedigi kontrol
edilerek, vidalarin proksimal ulnaya karsi sikisma-
digindan emin olmak gerekir.

- Vida ucu mediyale tasmamalidir, aksi halde ulnaya
temas edip supinasyon/pronasyon kisithhgina ne-
den olabilir.

- Radius boyun kiriklarinin tedavisi ince profil plak-
lama ile yapilabilir. Temel amag, biitiin rediiksi-
yonlarda oldugu gibi, erken harekete olanak ta-
niyan stabil, anatomige yakin tespittir. lkeda ve
arkadaslarinin yaptig bir ¢calismada, radius prok-
simalindeki bitiin plaklarin implanta bagl rahat-
sizlk vermesi nedeni ile ¢ikartiimalan gerektigi
gosterilmistir.'" Alternatif olarak, radius bagini

Recently, a classification has been described by Van
Riet et al. which also focus on associated injuries.!®!

If standard radiographs are not sufficient to give a
proper classification of the injury, an additional com-
puter tomography (CT) scan of the elbow is indicated
to make a proper evaluation of the fracture, to assess
the amount of dislocation of the fracture elements and
associated injury of the elbow joint. A fracture of the
radial head is often more complex, and the disloca-
tion of the radial head fracture is often less severe than
what is observed on a routine standard X-ray imag-
ing.[’l Associated injury is often underestimated during
normal clinical evaluation.

Indications for surgery

Mason 1 fractures can be treated conservatively;
there is no indication for aspiration of the joint or cast
immobilization.[*]

Indications for surgery for isolated radial head frac-
tures are displaced fractures (Type 2 and 3) and/or
limited pronation-supination (<70%) during physical
examination. In our experience limited pronation-supi-
nation during initial evaluation will not improve during
follow-up, recovery, and after healing of the fracture
unless surgical intervention takes place.

Treatment of minimal displaced Type 2 fractures is
somewhat controversial; future investigation is needed
to determine optimal treatment.

Associated injuries / Type 4 fractures are treated on
their own merit and will be discussed below.

Pearls and pitfalls

- Reduction and fixation of radial head fractures
can be done arthroscopically or open. Different
types of screws can be used with the same re-
sultsl’however it is important to place the screws
in the non-articulating portion or to use headless
screws that can be buried beneath the articulating
cartilage. Always check full supination and prona-
tion for impingement of the screws against the
proximal ulna.

- The screw tip should not protrude medially, as it
will contact the ulna and interfere with supination/
pronation.

- Fixation of radial neck fractures can be done by
plating, with a current trend to non-bulky plates.
The main goal of all fixation is near-anatomically,
stabile reduction which allows early mobilisation.
A study by lkeda et al. shows that the plates in the
proximal radius must almost always be removed
due to hardware prominence.[''lAs an alternative,
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radius cismine tespit i¢in ¢apraz vidalama kullani-
labilir (Sekil 1). Bu yontem teknik olarak daha zor-
dur, ancak implant ¢ikartilmasi icin yapilan ikinci
cerrahiye gerek duyulmaz.

- Tip 3 kinklarda rediiksiyon ve stabil tespit zor,

Sekil 1. Radius basi kinginin vida ile tespiti.

hatta bazen imkansiz olabilir. Ring, li¢ ana par¢a-
dan daha ¢ok pargal olan radius bagi kirklarinin
tespitinin daha koti sonuglandigini gostermistir.
2] Secilmis olgularda radius basi protezi bir sege-
nek olabilir. Her ne kadar implant tasariminda ge-
lismeler varsa da, radius basi protezi sonrasi klinik
sonuglar degiskendir.['*15]

Antuna ve arkadaslarnnin yaptigi bir calismada,
radius basi eksizyonu sonrasi iyi sonuglar gosteril-
mistir; ancak, bu tedavi yontemi birgok risk igerir.
Bunlar arasinda, valgus instabilitesi, radiusun el
bileginde proksimalizasyonu ve LKB’de gerginlik
kayb sayilabilir.["¢]

Eger kirk gerektigi gibi tespit edilemiyorsa radius
basi eksizyonu bir secenek olabilir. Her zaman dir-
sek ve 6n kol stabilitesi kontrol edilmeli, eger LKB,
MKB ya da interosse6z bagda yetmezlik bulgular
varsa, radius basi protezi uygulanmalidir.

Deplase, parcali radius basi kiriklarini tedavi eder-
ken her zaman radius basi protezini de iceren de-
gisik tedavi secenekleri hazir olmalidir.

E
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crossing screws can be used to fix the radial head
to the shaft (Fig. 1). This is technically more de-
manding, but prevents second surgery for hard-
ware removal.

In Type 3 fractures, reduction and stable fixation
can be challenging and sometimes impossible.
Ring showed that fixation of a radial head frac-
tures with more than three major pieces is related
to an inferior outcome.["?] In selected cases, radial
head replacement can be an option. Despite im-
provements in design, clinical results after radial
head replacement are various.['3-1%]

A study by Antuna et al. shows good results from
radial head excision but there are a lot of back-
sides to this treatment including valgus instabil-
ity, proximalisation of the radius in the wrist joint,
and lack of tension on LCL.['®]

If the fracture cannot be fixed adequately, the ra-
dial head can be excised as an alternative. Always
check the stability of the elbow and forearm and
perform a radial head replacement if there are
signs of insufficiency of the LCL, the MCL or the
interosseous membrane.

- When treating a displaced, comminuted radial
head fracture, always have different kinds of treat-
ment options available, including radial head
replacement.

Figure 1. Screw fixation of a radial head fracture.
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- Radius basi cerrahisinde biz Kaplan arahgini kul-
lanmayi tercih ediyoruz ¢iinkii, bize gére, ekstan-
sor karpi radyalis ile ekstansér dijitorum kommu-
nis araligim kullanan Kaplan araliginda, Kocher
araligina gore LKB kompleksinin hasar gérmesi
riski daha dusiiktiir. Aniiler bag uzunlamasina bo-
linir ve daha sonra anatomik olarak kapatabil-
mek icin isaret siittirleri koyulur.

- Tedavinin amaci miimkiin oldugunca erken do-
nemde fonksiyonel aktif eklem hareket acikligina
izin verecek stabil bir dirsek elde etmektir.

Sonuglar

Tip 1 radius basi kiriklarinin konservatif tedavisi son-
rasi uzun donemde iyi sonuglar beklenebilir.[*1718]

Basit ve orta derecede deplase parsiyel radius basi
kingi (2-5mm arasi deplasman) sik goriilmeyen bir
kink seklidir.'1 Mimkiin olan en iyi kanitlar geriye
doniik olgu serilerinden ve goreceli kiiciik kohort ¢a-
lismalardan elde edilmistir; ancak, bu ¢alismalar kirik
siniflamalan, tedavi yontemleri ve girisimleri, klinik,
fonksiyonel ve radyolojik degerlendirme sekillerine ve
takip stirelerine gore degiskenlikler gostermektedir.
Sozii edilen galismalar Il ve IV. seviye olduklari i¢inl20],
bu kirik tiplerinin cerrahi disi ve cerrahi tedavileri igin
ancak B/C seviyesinde onerilerde bulunulabilir. Bu
parsiyel eklem igi kinklarin ideal tedavi yontemlerini
belirlemek icin randomize, ileriye doniik ve/veya olgu-
kontrol kohort ¢alismalar ihtiya¢ vardir. Sinirli litera-
tur 1siginda, bu Tip 2 kinklarda konservatif tedavinin
sonuglar kétii olmasa da, cerrahi tedavinin daha iyi
sonug verdigi soylenebilir.['221]

Tip 3 radius basi kiriklarinda, radius basi protezi i¢-
ten tespite gore daha iyi sonug vermektedir.[?]

Akut radius basi protezi sonrasi hastalarin %90’ dort
yillik takiplerde sonugtan memnunlardir. Gecikmis ra-
dius basi protezi sonrasi takiplerde bu oran %50’ye
diismektedir.["3!

Komplikasyonlar

Radyohumeral eklem dejenerasyonu her tiir teda-
vi sonrasi goriilebilen en sik komplikasyondur.[16:23.24]
Ekstansiyon kaybu siklikla radius basi king sonrasi gorii-
liir.[?l Deplase olmamis kiriklarda orta derecede deplase
olmus kirklara gore daha az ekstansiyon kaybi riski var-
dir.[5°1 Hareket genisliginin tekrar kazanilmasi yaralan-
ma sonrasi uzun bir dénemde olur bu nedenle gelisme
oldugu siirece konservatif tedaviye devam edilmelidir.

ikincil gikik gok seyrektir ve eger olursa erken dénem-
de goriiliir. Bu nedenle kirik sonrasi ikinci haftada rad-
yografiler tekrarlanmalidir. Agik rediiksiyon ve igten

- We use the Kaplan’s interval between the extensor
carpi radialis and extensor digitorum communis to ap-
proach the radial head, because in comparison to
the Kocher’s interval it is, in our opinion, less likely
that the LCL complex is injured. Divide the annu-
lar ligament longitudinally and place stay sutures
so that the ligament can be closed anatomically
during closure.

- The goal of treatment is to achieve a stable elbow
which allows a functional after treatment with ac-
tive range of motion as soon as possible.

Results

Good long term results can be expected from conser-
vative treatment of Type 1 radial head fractures.[*718]

The simple and moderately displaced partial radial
head fracture (displacement, 2-5 mm) is an uncommon
fracture pattern.[' The best available evidence is limited
to retrospective case series and relatively small cohort
studies with differences in fracture classification, treat-
ment techniques and approaches, methods of clinical,
functional and radiographic evaluation, and durations
of follow-up. As the series discussed below are limited
to Level Il and IV datal?’l, Grade B/C recommendations
exist for both non-operative and operative treatment of
these fracture types. Randomized, prospective, and/or
case-control cohorts are needed to elucidate the opti-
mal treatment of partial articular fractures of the radial
head. In the limited literature of these Type 2 fractures
surgical treatment seems to give better results than con-
servative treatment, although the results of conservative
treatment aren’t that bad.['2']

In Type 3 fractures radial head replacement gives
better results in comparison to internal fixation.[2?]

In acute radial head replacement 90% of the patients
are satisfied after nearly four years. This number de-
creases to 50% in delayed radial head replacement.[?]

Complications

Degeneration of the radiohumeral joint is the most
common complication and can occur after all treat-
ments.[?1623.24] | oss of extension is often seen after
a radial head fracture.[?) Non-displaced fractures are
less prone to an extension deficit than mildly displaced
fractures.[>°] Range of motion can increase for a long
time after injury and conservative treatment should be
continued as long as there is improvement.

Secondary displacement is very rare and if occurs, it
will happen early and should be anticipated by making
radiographs in two weeks following the fracture. Some
limitation of range of motion can be expected following
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tespit sonrasi bir miktar hareket kistliligi beklenebilir;
Tip 2 kiriklar igin belirtilen hareket araligi 10° ekstan-
siyon, 130° fleksiyondur.['2] Secilmis olgularda, secilen
sert dirsegi gevsetmek icin ikinci cerrahiler uygulanabi-
lir. Acik ve artroskopik girisimler sonrasi sonuglar bir-
birine yakindir.[25:26]

PROKSIMAL ULNA VE KORONOID GIKINTI
KIRIKLARI
Giris

Ulna kirklan basit transvers ve oblikten kompleks
cikiklara kadar degiskenlik gésterebilir. Bu genis cesit-
lilik batin kinklar igin uygun tek bir tedavinin olma-
dig1 anlamina gelir. Bu nedenle, yaralanmanin pato-
anatomisini anlamak uygun tedavi seklini segmek igin
¢ok 6nemlidir. Bu béliimde, Mayo kirik siniflamasini
kullanarak dogru tedavi yontemini se¢meniz igin yar-
dimci olmaya ¢alisacagiz.

Daha 6nce de tartisildig) lizere, ana hedef erken ha-
rekete izin verecek stabil ve uyumlu bir eklem yiizii elde
etmektir. Kompleks dirsek yaralanmalarinda uyumlu
ve stabil bir eklem elde etmek, hareket genisliginden
daha 6nemlidir.

Proksimal ulna, distal humerusla birlikte mentese
seklinde bir eklem olusturur. Ulnohumeral eklemin
intrensek stabilitesinin 6nemli bir kismi olekranonun
posteriorda, koronoidin anteriorda ‘buttress’ yapma-
sina bagl bu mentese eklemden kaynaklanmaktadir.
Eklemin bu seklinin ve eklemdeki buttress’in 6nemi,
trokleanin ortasindaki kikirdakta degiskenlik ve bazen
kikirdak yoklugu ile kanitlanmaktadr.

Koronoid, trokleanin ¢cikmasini engelleyen en 6nemli
stabilizatordiir. Biyomekanik ¢alismalar, dirsek eklemi
ekstansiyona geldik¢e tam fonksiyonel stabilite icin, di-
ger eklem bilesenlerinin devamliligina bakmaksizin, ko-
ronoidin en az %50’sine ihtiya¢ oldugunu gostermek-
tedir. Radius basi, koronoide eklemi stabilize etmesi
icin yardim eder ve eger radius basi saglamsa korono-
idin %75’i akartilabilir.[?”] Bu nedenle tiim kompleks
dirsek kirik ve gikiklarinda, Mason Tip 2 ve 3 radius
basi kiriklarinda, radius basi tespit edilmeli ya da pro-
tez uygulanmalidir.

Cerrahi endikasyonlar

Basit bir olekranon kirig ile, olasi ek yaralanmalar
iceren proksimal ulnanin kompleks kingi arasinda ay-
rm yapmak 6nemlidir. Olekranon kiriklarinda BT an-
cak beraberinde radius basi ve/veya koronoid kirig
stiphesi varsa gereklidir. Mayo siniflamasi, dogru teda-
vi yontemini secmede yardimcidir.[28]
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open reduction and internal fixation (ORIF) of the ra-
dial head, with reported motion from an average of 10°
extension to 130° of flexion in Type 2 radial head frac-
tures.['? In selected cases secondary surgery as a surgi-
cal release of a stiff elbow is indicated. The results after
open or arthroscopic procedures are comparable.[252¢]

FRACTURES OF THE PROXIMAL ULNA AND
THE CORONOID PROCESS

Introduction

Fractures of the ulna vary from simple transverse and
oblique patterns to complex dislocations. This wide vari-
ability makes no single treatment appropriate for all frac-
tures. Therefore an understanding of the patho-anatomy
of the injury pattern is essential for choosing the correct
treatment. In this chapter we will help you choosing the
right treatment using the Mayo fracture classification.

As with the previous discussed fractures, the primary
objective remains as the restoration of a congruous
joint surface with definitive stable fixation that allows
early progression to motion. In complex elbow inju-
ries, the restoration of a congruent joint and gaining
stability is prevalent above range of motion.

The proximal ulna forms a joint with the distal hu-
merus creating a hinge through its shape. An impor-
tant part of the intrinsic stability of the ulnohumeral
articulation lies within this shape and is formed by the
olecranon as a buttress at the posterior side and the
coronoid as a buttress on the anterior side. The im-
portance of this shape and these buttresses in the joint
is confirmed by the variability and sometimes lack of
cartilage in the central part of the trochlea.

The coronoid acts as the most important articu-
lar stabilizer to prevent trochlear (sub)luxation.
Biomechanical studies show that at least 50% of the
coronoid is necessary to achieve functional stability as
the joint nears extension regardless of the integrity of
the other articular elements. The radial head helps the
coronoid stabilizing the joint; if the radial head is in-
tact 75% of the coronoid can be removed.[?’] It is for
this reason that the radial head must be reconstructed
or replaced for all complex elbow fractures and dislo-
cations with Mason 2 or 3 radial head fractures.

Indications for surgery

Itis important to distinguish between a simple fracture
of the olecranon and a complex fracture of the proximal
ulna with potentially associated injury. CT scan for olecra-
non fractures is only necessary if there is a suspicion of as-
sociated injury of the radial head and/or coronoid. Mayo
classification helps in choosing the right treatment.[28]
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Tip 1 kiriklar deplase olmamis olekranon kiriklarndir
ve al¢i veya atel uygulamasi ile tedavi edilebilirler. Al
notral rotasyonda uygulanmalidir. Eklem hareketlerine
4-6 hafta sonra baslanir. ilk alti hafta dirsege 90°’den
fazla fleksiyon verilmemesine ve dirence karsi aktif eks-
tansiyon yapmamaya dikkat edilmelidir.

Tip 2 kinklar deplase, ancak dirsegin stabil oldugu
kinklardir; cerrahi tedavi gerektirir. Sadece parcali ve
belirgin oblikligi olmayan Tip 2A kiriklar gergi bandi ile
tedavi edilebilir. Parcali Tip 2B ve oblik Tip 2A kiriklar,
plak ve/veya destek yontemlerle tespit edilmelidir.

Tip 3 kiriklar dirsek instabilitesi ile birliktedir ve
cerrahi gerektirir. Cogunda olekranon ¢ok parcahidir
ve siklikla radius basi king ile birliktedir. Anterior ya
da posterior transolekranon kirikh ¢ikik bulunabi-
lir. Radius basinin veya koronoidin anterior kiriklari
posteriordan, kirik planindan ¢alisarak tespit edi-
lebilir. Koronoid K-teli, vida veya acilan deliklerden
gecirilen sutiirler ile tespit edilebilir. Tip 3 kiriklarda
iyi bir osteosentez planlayabilmek icin BT ¢ekilmesi
sarttir.

Onemli noktalar ve sik yapilan hatalar

- Olekranonun proksimali nispeten ince bir kortikal
kabuktan olusur; bu nedenle, tespitin kuvvetini
arttirmak icin, olekranon ucunun 35 mm dista-
linden baslayan kalin bolgenin kullanilmasi ¢ok
onemlidir.

- Sigmoid c¢entik nispeten ciplak bir alandir ve bu
nedenle kirik parcalarindaki kayiplari ya da osteo-
tomiyi tolere edebilir (Sekil 2).

- Gergi bandi K-telleri kirk tespitini giiclendirmek
icin anterior korteksi ge¢melidir. Daha derine gi-
derek ulnar korteksin gecilmemesine dikkat edil-
melidir, aksi halde ulnar sinir zarar gérebilir, rad-
yal sikisma olusabilir ya da rotasyonel kisithlik ge-
lisebilir (Sekil 3 ve 4).

- Gergi bandi K-telleri subkondral kemigin hemen
posterioruna yerlestirilir. Sik yapilan bir hata,
K-tellerini fazla proksimale yerlestirerek giris agi-
sini ¢ok diiz yapmak ve K-tellerinin intramediiller
gonderilmesine neden olmaktir.

- Kanal i¢i vidalar K-tellerine alternatif olarak kulla-
nilabilir ve kati tespit i¢in en az 80 mm uzunlugun-
da yol agilmis (tapped) olmalidir.

- Radyohumeral eklemin ana stabilizatérii eklemin
sekli oldugu icin, amag¢ bu sekli tekrar kazan-
makur. Parcali kiriklarda képrii plaklama, biitiin
parcalarin vidalar ya da K-telleri ile rediikte edile-
bildigi stabil kiriklarda ise kompresyon plaklama
yontemi kullanilabilir.

Type 1 fractures are olecranon fractures that are not
displaced and can be treated non-operatively with ap-
plication of a cast or splint. The cast should be ap-
plied in neutral rotation and range of motion can be
started after 4-6 weeks. EIbow flexion >90° should be
avoided during six weeks, and active extension against
resistance should be avoided.

Type 2 fractures are displaced but the elbow remains
stable, these fractures require surgical intervention. Only
Type 2A non-comminuted fractures without significant
obliquity can be treated by tension band fixation, Type
2B comminuted fractures and oblique 2A fractures must
be fixated by a plate and/or supplement fixation.

Type 3 fractures are associated with elbow instabil-
ity and require surgical intervention. The olecranon is in
most cases comminuted and is often associated with a
radial head fracture. There can be an anterior or pos-
terior transolecranon fracture-dislocation. Anterior frac-
tures of the radial head or coronoid can be fixed working
from posterior through the fracture plane. The coronoid
can be fixated with a K-wire, screw or by sutures through
drillholes. In Type 3 fractures a CT scan is mandatory to
perform a proper planning of the osteosynthesis.

Pearls and pitfalls

- The proximal part of the olecranon consists of a
relatively thin dorsal cortical shell; therefore fixa-
tion in the thicker part of the olecranon, which
starts approximately 35 mm distal to the tip, is es-
sential to maximize the rigidity of the fixation.

- The sigmoid notch is a relative bare area and is
therefore forgiving for missing fracture parts or
osteotomy (Fig. 2).

- Tension band K-wires should just penetrate the
anterior cortex to give the fracture rigidity. Deeper
penetration of the ulnar cortex should be avoided
to prevent damage to the ulnar nerve, radial im-
pingement and rotational deficits (Fig. 3 and 4).

- Tension band K-wires are placed just posterior to
the subchondral bone. A common error is intro-
ducing the K-wires too proximal, making the angle
of introduction too flat and increasing the risk of
intramedullary placement of the K-wires.

- Intramedullary screws can be used as an alter-
native for K-wires and should be at least 80 mm
tapped to achieve rigid fixation.

- Since the main stabilizer of the radiohumeral joint
is its shape, the goal of treatment is to restore this
shape by using a bridging plate in comminuted frac-
tures or a compression plate when all the fragments
can be reduced stable using screws and/or K-wires.



98

TOTBID Dergisi

“-««+-Incisura trochlearis

Right proximal radius and ulna

Sekil 2. Hiyalin kikirdagin proksimal ulnada Figure 2. The hyaline cartilage distribution

dagihmi  ¢esitlidir ve manyetik rezonans of the proximal ulna varies and is often
gorintillemede ulnanin osteokondral hasari ile misinterpreted as osteochondral damage of the
karistirilabilir. ulna on magnetic resonance imaging.

—

Sekil 3. On korteksi gegmeyen K-tellerinde rijidite Figure 3. Lack of rigidity in K-wires not penetrating
kaybr ve plak ile yeniden tespiti. the anterior cortex and refixation using a plate.
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Sekil 4. Proksimal radiusda K-tellerinin protriizyonuna Figure 4. Protrusion of K-wires in the proximal radius
bagl rotasyonel defisit. causing a rotational deficit.

- Cok parcali kirik alanlarinda, ek olarak kiiciik vi- - Additional small screws or K-wires can be used in

dalar veya K-telleri kullanilabilir.

- Koronoid ayr bir parca ise bir vidayla tespit etmek
gerekir, aksi takdirde instabiliteye bagli olarak yapi
bozulur (Sekil 5).

- Olekranon ucundan koronoid tabanina gonderile-
cek bir vida stabiliteyi arttirir.

Kink stabilitesinden ve implanta bagh sikis-
ma olmadigindan emin olmak icin, fleksiyon-
ekstansiyon ve pronasyon-supinasyon hareket
agikliklarinin tam oldugu kontrol edilmelidir.

Kirnkli ¢ikik ile Monteggia kingini ayirt edebil-
mek icin, proksimal radyoulnar eklem degerlen-
dirilir. Kirikli ¢ikikta proksimal radyoulnar eklem
saglamdir.

Triseps insersiyosu, olekranon proksimalinin
%88’ini kaplar. Bu genis ve giiclii yapisma, trisep-
sin hasarlanmadigi durumlarda anatomik plak
yerlestirilebilmek icin trisepsi siyirmamiza olanak
tanir.[?]

a comminuted fracture area.

Fixate the coronoid with a screw when it is a sepa-
rate fragment; otherwise the construct will fail due
to instability (Fig. 5).

- The placement of a screw from the olecranon tip

to the coronoid base increases fixation stability.

Ensure full range of motion in flexion-extension
and pronation-supination to check fracture insta-
bility and hardware impingement.

- To differentiate between a fracture-dislocation

and a Monteggia fracture, assess the proximal
radio-ulnar joint. The proximal radio-ulnar joint is
intact in a fracture-dislocation.

88% of the width of the proximal olecranon is
covered by the attachment of the triceps muscle,
making it a strong enough structure to be splitted
atits insertion point for anatomical contouring of
the plate in an injury that did not damage the tri-
ceps.[?]



100

TOTBID Dergisi

Sekil 5. Koronoid parganin yeterince tespit edilmemesine
bagli gere¢ yetmezIigi ve instabiliteye bagh ¢ikik.

Sonuglar

Algi ya da atel gibi cerrahi disi bir tedavi yontemi ile
tedavi edilmis Tip 1 kirklarda olusan sertlik ve fonksi-
yonel olmayan hareket genisligi, uzamis immobilizas-
yona baglidir.3%

Tip 2 olekranon kiriklarinin gergi bandi ya da plakile
tespiti milkemmel sonuglar verir. Tedavide 6nemli olan
nokta, hangi kingin gergi bandi ile tedavi edilebilecegi-
ni, hangisinin edilemeyecegini bilmektir.[3-3%1

Ring ve arkadaslan, transolekranon kirikli ¢iki-
g1 olan 13 hastada 25 aylik takiplerinde %88 iyi ve
miikemmel sonug bildirmistir.[3¢! Lindenhovius ve ar-
kadaslarinin daha uzun takipli (ortalama 18 yil) 20
hastasinda %85 iyi ve miitkemmel sonug bildirilmistir.
Ancak, hastalarin %70’inde post travmatik osteoart-
rit gorilmustir.[37]

Proksimal ulna kiriklari sonrasi ortalama 6n kol ro-
tasyonu 75° pronasyon ve 70° supinasyon iken, distal
humerus kiriklarn sonrasi bu degerler 80° pronasyon ve
75° supinasyondur.[383]

Figure 5. Not adequately fixating the coronoid fragment
made the construct fail and dislocate due to instability.

Results

Stiffness and a non-functional arc of motion are be-
ing described as a result of the prolonged immobilisa-
tion in Type 1 fractures treated non-operatively with
application of a cast or splint.[3%

Treatment of Type 2 olecranon fractures with ten-
sion band wiring or plate fixation gives excellent re-
sults. The most important value in the treatment is to
know which fracture can be treated with tension band
wiring and which can not.[3'-3*]

Ring et al. observed 88% good or excellent results
in 13 patients treated for transolecranon fracture-
dislocation at an average follow-up of 25 months.[¢l
Lindenhovius et al. had a longer follow-up (average 18
years) of 20 transolecranon fracture-dislocations with
85% good or excellent results. However, post-traumat-
ic osteoarthritis was 70%.7]

The average forearm rotation arc after proximal ul-
nar fractures was 75° of pronation and 70° of supina-
tion compared to 80° of pronation and 75° of supina-
tion after a distal humeral fracture.[383°]
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Komplikasyonlar

Onemli komplikasyonlar arasinda post-travmatik
artrit, ilk travmaya ikincil ya da iyatrojenik instabili-
te, ulnar néropati ve norit, kisith hareket ve hetero-
topik ossifikasyon, derin enfeksiyon ve kaynamama
sayilabilir.

Literatiirde en sik komplikasyon olarak implanta
bagl komplikasyonlar gériilmektedir. Ozellikle gergi
bandi ya da K-telleri varsa, siklikla implant ¢ikartiima-
sina gerek duyulmaktadir.3%3%1 Romero ve arkadaslan,
ortalama 8,5 ay takipli 46 hastalik gruplarinda, has-
talarin %70’inden daha ¢ogunda gergi bandini ¢ikart-
mak durumunda kalmislardir.3% Plak tespiti daha az
semptomatik implant rahatsiziigina neden olmaktadir
ve implant ¢ikartilma orani %20°dir.3435] implantlarin
subkutan yerlesimi bu problemi neredeyse ¢6ziimsiiz
hale getirmektedir.

Ozellikle ekstansiyonu iceren hareket kaybi tipik
olarak 10-15°dir ve oldukga sik gériiliir.[1 30°°den
fazla kayipla birlikte goriilen fonksiyon kisithhg daha
seyrektir ve genelde kirkh cikiklara, yiiksek enerjili ya-
ralanmalara, eklem ¢evresinde sisme ve uzun siireli im-
mobilizasyona bagl goriiliir.[442]

Heterotopik ossifikasyon yaklasik olarak kiriklarin
%13’tinde gorulir ve radius basi ¢ikiklarina, kompleks
yaralanmalara ve kafa travmalarina baghdir.[3"3%]

Ulnar n6ropati hastalarin %2-10’unda goriilmekte-
dir.[30,31,43-45]

Kikirdak ylizeydeki degisiklikler ilk yaralanmanin sid-
deti ve rediiksiyon kalitesi ile orantilidir.[4]

KORKUNC UCLU

‘Korkung tigli’ diye tabir edilen dirsegin kinkli ¢ikik
yaralanmasinda, radius basi kingi, koronoid kingi ve
ozellikle LKB’yi iceren dirsek stabilizator baglarinin ya-
ralanmasi yer alir (Sekil 6).

Bu yaralanmada standart cerrahi, lateral yaklasim-
dir. Bunun nedeni, MKB’nin ulnohumeral eklem re-
diikte edildiginde kendiliginden iyilestiginin biliniyor
olmasidir. MKB onarimi ancak koronoid ve radius basi
king: tespit edilip LKB onarildiktan sonra instabilite
devam ediyorsa yapilir.

Onemli noktalar ve sik yapilan hatalar

- ilk olarak koronoid king: tespit edilir. Kiigiik par-
calar, ulnada acilan deliklerden fiber wire’ sutiir
gegirilerek tespit edilebilir. Daha biyiik pargalar,
vidalar ile rediikte edilip tespit edilebilir. Radius
basi tespiti ve LKB onarimi sonrasi dirsek stabilse,
kiiglik parcalar tespit edilmeden birakilabilir.

Complications

Significant complications include post-traumatic ar-
thritis, instability secondary to the initial or iatrogenic
trauma, ulnar neuropathy and neuritis, restricted mo-
tion and heterotopic ossification, deep infection and
non-union.

Hardware-related complications dominate the liter-
ature as the most frequent. Hardware removal is often
needed especially with tension bands and K-wires.[30:33]
As described by Romero et al., at a median follow-up
of 8,5 months, more than 70% of the tension bands
were removed in a group of 46 patients.[3% Plate fixa-
tion leads to less symptomatic hardware but also up
to 20% of hardware removal.l’*331 The subcutaneous
placement of the hardware seems to make this prob-
lem almost unavoidable.

Motion loss, particularly in extension, is common
and is typically 10-15°.[41 Functional impairment with
loss of more than 30° is less common and occurs more
often with fracture-dislocation, complex high-energy
injuries, swelling around the joint, and a period of im-
mobilization.[#142]

Heterotopic ossification is seen in approximately
13% of the fractures and seems related to radial head
dislocations, complex fracture types, and closed head
injuries.31:33]

Ulnar neuropathy has been reported in 2-10% of the
patients.[3031:43-45]

Articular surface changes correlate with the severity
of the initial injury as well as with the quality of the
reduction.[*¢]

TERRIBLE TRIAD

Terrible triad is a fracture-dislocation of the elbow
that involves a fracture of the radial head, a fracture of
the coronoid and injury of the ligamentous stabilizers
of the elbow, especially the LCL (Fig. 6).

The standard approach in surgical treatment of this
injury is a lateral approach. It relies on the knowledge
that the MCL tends to heal without surgery if the ul-
nohumeral joint is reduced. Repair is only necessary
if medial instability persists after fixation of the coro-
noid, repair of the lateral ulnar collateral ligament and
treatment of the radial head injury.

Pearls and pitfalls

- First, the coronoid fracture is treated; small
fragments can be fixed by placing a locked loop
around the fragment with fiber wire and then
passing each of the sutures through drill holes in
the ulna. Larger fragments can be reduced and
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. 5

Sekil 6. Korkung (6lumciil) tigli.

- ikinci sirada radius basi onarilir. Ana hedef valgus
stresine dayanacak anterior ‘buttress’t saglamak-
tir. Radius basi daha 6nceden tartisildigi gibi agik
rediiksiyon ve icten tespit veya protez ile tedavi
edilebilir.

- Daha sonra LKB lateral kondildeki dirsek rotasyon
merkezi olan yapisma yerine (en sik yaralandig
yer) tespit edilir. Kemige acilan delikler araciligiy-
la ya da rotasyon merkezinin hemen proksimaline
yerlestirilen bir siitiir ankor ile bag onarimi yapilir.
LKB kompleksi tespit edilirken 6n kol 45° fleksi-
yon ve tam pronasyonda tutulur. Daha sonra eks-
tansor tendon kompleksi (ekstansér communis)
kapatilr.

- Dirsek fizik muayene ve floroskopi ile stabilite yo-
niinden degerlendirilir. Eger valgus yoniinde ins-
tabilite varsa, mediyal yaklasimla MKB onarnimi
yapilabilir. Bitiin kemik ve yumusak doku stabi-
lizatorlerinin onarilmasina karsin instabilitesi de-
vam eden secilmis olgularda, dinamik eksternal
fiksator yerlestirilmesi endikasyonu vardir.

DISTAL HUMERUS KIRIKLARI
Giris
Distal humerus kiriklar, erkeklerde 12-19 yas arasi,

kadinlarda 80 yas sonrasi artis gosterir;[*’1 butiin dir-
sek kirklarinin yaklasik %30’unu olusturmaktadir.[*8]
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Figure 6. Terrible triad.

fixed by screws; small fragments can be left un-
treated if the elbow is stable after the repair of the
radial head and the LCL.

- Secondly, the radial head is addressed. The primary
goal is to provide a stable anterior buttress to resist
valgus stress. The radial head can be treated as dis-
cussed before by ORIF or radial head replacement.

- The LCL is then repaired back to the lateral con-
dyle at the centre of rotation of the elbow where
it’s most commonly injured. The ligament is re-
paired through transosseous drill holes or with an
anchor placed just proximal to the center of rota-
tion. The forearm is held in 45° of flexion and in
full pronation, while the LCL complex is secured.
The common extensor tendons are then closed.

- Assess the elbow for stability by physical examina-
tion and fluoroscopy. If the elbow shows instabil-
ity in valgus direction, repair of the MCL can be
done through a medial approach. In selected cases
with persistent instability despite anatomic repair
of all bony and soft tissue stabilizers, the place-
ment of a dynamic external fixator is indicated.

FRACTURES OF THE DISTAL HUMERUS
Introduction

Peaks of incidence of distal humerus fractures can be
seen in males with 12-19 years of age and females 80
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Cerrahi endikasyonlar

Davies, kolay uygulanabilir bir siniflama yapmistir.
Kiriklar, eklem disi, kismen eklem i¢i ve tamamen ek-
lem ici olmak tizere tige ayrilir (Sekil 7).[*1 Kompleks
kinklan siniflamak ve parca sayisi ile oryantasyonu
saglamak icin BT cekilebilir.

Onemli noktalar ve sik yapilan hatalar

- Siklikla posterior yaklasim kullanihr. Kirnk tipine
gore posterior triseps ayirici ya da olekranon oste-
otomisi yontemi tercih edilebilir (Sekil 7).

- Ulnar sinir her zaman bulunup korunmalidir, ge-
nelde transpozisyona gerek kalmaz.

- Kirik daha proksimale uzandiginda, radyal sinir de
ameliyat sirasinda bulunup korunmalidir.

- Radyal sinir, posterior humerus korteksini lateral
epikondilin 10 cm proksimalinde ¢aprazlar.
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years or older.[*] Distal humerus fractures account for
approximately 30% of all elbow fractures.[%8]

Indications for surgery

Davies produced a classification that can be easily
applied clinically. It divides the fractures in extra-artic-
ular, predominantly intra-articular or predominantly
articular types (Fig. 7).[*! CT scan can be made in
complex fractures to assess the type of fracture, and
the number and orientation of the fragments.

Pearls and pitfalls

- A posterior approach is mostly used; depending
on the fracture, a posterior triceps-on approach or
an olecranon osteotomy can be preferred (Fig. 7).

- Always identify the ulnar nerve; transposition is
not needed in general.

Extra-articular

ORIF
3 Posterior approach

Predominantly
intra--articular

No olecranon osteotomy

ORIF

articular

Predominantly

—>»{ Posterior aprroach with
olecranon osteotomy

ORIF
Posterior approach with
olecranon osteotomy

>

Total elbow arthroplasty
In elderly, arthritis or
osteopenia

Sekil 7. Distal humerus kiriklarinda Davies sinif-
lamasi ve buna gore yaklagim algoritmasi.

Figure 7. Davies classification for fractures of the
distal humerus including management algorithm.
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- Olekranon osteotomisi yaparken Chevron tipi ya
da ucu distali gosterecek sekilde V osteotomisi
yapilmasi, osteotominin rotasyonel stabilitesini
arttinir.

- Osteotomi 6ncesi kemikte tespit amagh delik ag-
mak, sonrasinda anatomik rediiksiyonu ¢ok daha
kolay hale getirir.

- ilk olarak birbirine tam uyan eklem igi parcalar
tespit ederek baslayip, ardindan onlara gére re-
diiksiyon saglanir.

- Onceden biikiilmiis plaklar sablon olarak kullani-
lip, kink rediiksiyonu bunlara gére yapilabilir.

- Daha distaldeki eklem disi kiriklar, ¢ift plak teknigi
kullanilarak tespit edilmelidir.

- Cift plaklama teknigi paralel ya da 90-90 plakla-
ma olabilir. Paralel plaklama daha ¢ok yumusak
doku diseksiyonu gerektirse de, bir teknigin digeri-
ne ustiinligi ile ilgili klinik kanit yoktur.

- ik olarak eklem ici yiizey rediikte edilmeye bas-
lanmali, gecici tespit igin K-telleri kullamilmali
ve radius basi ile proksimal ulna sablon olarak
kullanilmalidir.

- Humerusun anterior eklem pargasi fonksiyonel bir
eklem i¢in en 6nemli kisimdir.

- Eklemlesmenin stabilitesi i¢in troklea mediyali ile
birlikte ya trokleanin laterali ya da kapitellum mev-
cut olmahdir.

- Eger ameliyat 6ncesi kingin rekonstriikte edi-
lemeyecegine karar verildiyse, hemiartrop-
lasti ya da total eklem replasmani yapilmasi
degerlendirilmelidir.

Sonuglar
Eklem digi

Sarmiento ve arkadaslarn aski algisi ve sonrasinda
fonksiyonel breysleme ile iyi sonuglar bildirmislerdir;
ancak, bu sonuglar diger merkezlerde elde edileme-
mektedir.15%5" Son calismalar anatomik rekonstriik-
siyon ve icten tespitin daha iyi sonuglar verdigini gos-
termistir.[521 Cerrahi disi tedavi, ameliyat edilemeye-
cek durumdaki hastalarda uygulanmalidir.

Kismen eklem i¢i kiriklar

Kaynamamalarin ¢ogunlugu (%75’e kadar) yetersiz
ilk tespite baglidir.[31 Cerrahi disi tedavi sonuglan agik
rediiksiyon, icten tespit ve erken hareketle karsilastiril-
diginda kotiidiir ve ameliyata uygun olmayan hastalar-
da uygulanmalidir.[34
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- When fractures extend more proximal, the radial
nerve must also be identified and protected dur-
ing the procedure.

- The radial nerve crosses the posterior cortex of
the humerus about 10 cm proximal to the lateral
epicondyle.

- When using an olecranon osteotomy, we advise to
make a Chevron or V-shaped osteotomy to increase
the rotational stability through the non-articulating
part of the olecranon with the V pointing distally.

- Pre-drilling holes to fix the osteotomy prior to per-
forming makes anatomical reconstruction much
easier.

- Start reconstructing intra-articular fractures by
fixating fragments that are clearly fit together and
build up from there.

- Precontoured plates can be used as a template on
which the fracture can be reduced.

- The more distal extra-articular fractures should be
stabilized using a double plating technique.

- Double plating can be parallel to or with the 90-
90 technique. There is no clinical evidence that
one technique is superior to the other; parallel
plating necessitates more soft tissue dissection.

- Start reducing the intra-articular surface first; use
K-wires for temporary fixation, and use the radial
head and proximal ulna as a template.

- The anterior articular part of the humerus is the
most important part for a functional joint.

- Stability of the articulation requires the presence
of the medial trochlea in combination with either
the lateral half of the trochlea or the capitellum.

- If a preoperative decision is made that the fracture
is not reconstructable, a hemiarthoplasty or a to-
tal joint replacement should be considered.

Results
Extra-articular

Sarmiento et al. reported good results of non-oper-
ative treatment using a hanging cast followed by func-
tional bracing; these results however could not be re-
produced in other institutes.[*5"] Recent studies show
that anatomical reconstruction and internal fixation
produces better outcomes.[52] Non-operative treat-
ment should be reserved for patients unfit for surgery.

Predominantly intra-articular fractures

The majority (up to 75%) of non-unions are due to
inadequate primary fracture fixation.[>* Non-operative
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Eklem igi kiriklar

Ring ve arkadaslan agik rediiksiyon ve igten tes-
pitle tedavi ettikleri 21 eklem ici distal humerus ki-
rikli hastanin 16’sinda iyi ve miikemmel sonug elde
etmislerdir. Hastalarin ortalama takip siiresi 40 ay,
ulnohumeral eklemdeki hareket genisligi 96°’dir. On
hasta daha sonra ikinci cerrahiye ihtiya¢ duymustur
(altr kontraktiir gevsetmesi, iki ulnar sinir dekompres-
yonu, bir tespit revizyonu ve bir implant ¢ikartilmasi).
[55IDubberley ve arkadaglari, 28 hastada ortalama 56
ayhk takiplerinde fonksiyonel sonuglarini bildirmis-
lerdir. Ortalama Mayo performansi 91+11, ortalama
hareket genisligi 19-138°°dir. Pargali kirngi olan iki
hastada kaynamama goériilmiis ve total protez yapil-
mistir.[5¢]

Komplikasyonlar

Ulnar ve eger kirk daha proksimalde ise radyal sini-
ri bulup korumak, yaralanma riskini en aza indirmek-
tedir. Cerrah, ameliyat esnasinda herhangi bir sinir
hasan olmadigindan emin olursa, ameliyat sonrasi
donemdeki her tiirli duyusal ve/veya motor disfonk-
siyon noropraksi olarak degerlendirilir ve 2-3 ayda
diizelmesi beklenir. Dirsegin hizla (pasif) mobilizas-
yonu, ameliyat sonrasi sertligi engellemek i¢in 6nem-
lidir. Bu nedenle, ana hedef stabil tespit ile uyumlu
eklem yizii elde etmek ve erken eklem hareketine
baslamaktir. Daha 6nce de so6z edildigi gibi, Ali ve
arkadaslan kaynamamalarin %75’inin nedeni olarak
sadece K-telleri, vidalar ya da yetersiz plaklarla yapi-
lan uygunsuz tespitleri géstermislerdir.[53] Hamid ve
arkadaslan, heterotopik ossifikasyonun tedavisinde
acil ameliyat sonrasi radyoterapiye ihtiya¢ olmadig-
ni, bu yontemin kaynamama oranini arttirdigini gos-
termislerdir.[57]
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