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Abstract

Introduction: Arthroscopy procedures are the gold standard for the man-
agement of tibial spine avulsion. This review evaluates and compares dif-
ferent arthroscopic treatment options for tibial spine fractures.

Source of data: PubMed, Medline, Ovid, Google Scholar and Embase data-
bases were systematically searched with no limit regarding the year of
publication.

Areas of agreement: An arthroscopic approach compared with arthrotomy
reduces complications such as soft-tissue lesions, post-operative pain and
length of hospitalization.

Areas of controversy: The use of suture techniques, compared to cannu-
lated screw technique, avoids a second surgery for removal of the screws,
but requires longer immobilization and partial weight bearing.

Growing points: Clinical outcomes and radiographic results do not seem to
differ in relation to the chosen method of fixation.

Areas timely for developing research: Further studies are needed to pro-
duce clear guidelines to define the best choice in terms of clinical out-
comes, function and complications.
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Introduction

Avulsion fractures of the tibial spine, first described
by Poncet in 1875," are a major intra-articular injury
in the paediatric knee” and considered equivalent to
tears of the anterior cruciate ligament (ACL) in
adults.?

The most common mechanism of trauma, which
leads to a disruption of the not completely ossified
tibial spine rather than to failure of the ACL,*" is a
trauma forcing the knee in hyperextension com-
bined with valgus-external rotation.® At times, these
lesions can occur in adults; in this instance, the
main cause is high-energy trauma, such as road
accidents.”” This specific etiology explains the
higher incidence of associated lesions to the menisci
or capsulo-ligamentous structures in adults.’'%!"

The most common classification for these frac-
tures was developed by Meyers and Mc Keever,'?
and it is reliable for decision-making in diagnosis
and treatment. Type I lesions are undisplaced or
minimally displaced fractures involving the anterior
margin of the spine; Type II fractures present a
superior displacement of the anterior part of the
fragment, with the posterior portion still attached
to the rest of the proximal tibia (‘bird’s beak’ pat-
tern); in Type III lesions the fragment is completetly
detached. Type III fractures can be further divided
into Type IITA, in which only the ACL insertion is
involved, and Type IIIB, in which the whole tibial
eminence is involved. Other authors described a
Type IV, including comminuted fractures.'?

The literature supports conservative management
with a knee cast or splint in extension or mild flex-
ion (20°-30°) for 6-12 weeks for Type I undisplaced

415 and surgical treatment for

14,16
I,

tibial spine fractures
Type II, if reduction is not anatomica and
Type Il and IV fractures.'”'® Open surgical techni-
ques have several disadvantages and more compli-
cations (soft-tissue damage, higher post-operative
pain, longer hospital stay, and delay in rehabilita-
tion). For this reason, arthroscopic techniques are
considered the gold standard for the treatment of
these lesions: they allow direct visualization of
intra-articular injuries, simplified diagnosis, accu-
rate reduction of fracture fragments, treatment of

associated soft-tissue injuries and removal of loose
fragments.”!?*°

The present study reviews different arthroscopic
techniques and methods of fixation of these frac-
tures reported in current literature, describing the

state of art for the treatment of this pathology.

Methods
Search strategy

In September 2015, a systematic search was con-
ducted in the online PubMed, Google Scholar,
CINAHL, Cochrane Central and Embase Biomedical
databases using the isolated or combined keyword
‘arthroscopic treatment and tibial eminence’, ‘arthro-
scopic treatment and tibial spine’, ‘tibial eminence
avulsion’, ‘tibial spine fracture’; with no limits
regarding the year of publication. Articles were
included if they reported data on clinical and func-
tional outcomes, complications and radiographic
evaluation in series of patients who had undergone
arthroscopic treatment for tibial spine avulsion.
Two authors (Matteo Buda and Francesco Soldati)
screened the selected articles for title, abstract and
full text in accordance with predefined inclusion and
exclusion criteria. The articles were accurately ana-
lysed focusing on objective rating scores, clinical and
radiographic assessment and complications reported.

Criteria for consideration

Given our language capabilities, we considered pub-
lications in Italian and English. Two authors (M.B.
and S.F.) independently reviewed the content of
each abstract. Once an article was identified as likely
to be included, full-text versions were obtained to
evaluate the exact content of the study. The refer-
ence lists of the selected articles were then examined
by hand to identify articles not identified at the elec-
tronic search. All journals were considered and all
relevant articles were retrieved. Studies focusing on
clinical outcomes of patients who had undergone
arthroscopic treatment of tibial eminences with any
device were selected. Biomechanical reports, studies
on animals, cadavers, in vitro studies, case reports,
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Studies identified as potentially
relevant and screened for retrieval
(n=156)

Studies excluded as not relevant
_| because reviews, anatomical studies,

A\ 4

Studies retrived for more detailed
evaluation (n = 35)

" | animal studies, biomechanical studies
and cadaveric studies

Studies excluded from analysis

\ 4

Appropriate studies to be included in
the systematic review (n = 24)

Fig. 1 Study flow chart.

literature reviews, technical notes, letters to editors,
instructional course and studies focusing only on
complications were excluded. A final article analysis
was made by all the authors, and a fully trained
orthopaedic surgeon with a special interest in knee
surgery and sports medicine (L.O.) made the final
decision in cases of doubt (Fig. 1).

Results

Literature review

At the first electronic search, we identified 156 rele-
vant publications. After application of the inclusion
criteria, 35 studies remained. Of these, 11 studies
were excluded because they were case report, tech-
nical notes, and described different types of treat-
ment. Twenty-four studies ultimately met the
inclusion criteria, 13 were retrospective*’~* and 11
prospective.”*>™** Each study described a different
arthroscopic treatment of tibial eminence fracture,
reporting also post-operative protocol (Table 1).

Surgical technique

Different arthroscopic surgical techniques were used in
the articles analysed. Arthroscopic reduction and inter-

nal fixation (ARIF) with Kirschner wires,*! cannulated

20,21,23,2427,31 5 Meniscus Arrow device,>

34,37

screws,

pull-out sutures,”** suture with anchores, metallic

35 24,27-31,38,39,42

suture, transosseous sutures, intra-

articular button,>* bioabsorbable nail,>*® Herbert

6

screw,'® Tight-rope fixation,”® rotator cuff guide

v

because case report, technical note,
different type of treatment

(RCG) device/suture or the RCG device/T-Fix
(Acufex) methods,” and Meniscal Viper Repair
System (Arthrex, Naples, FL)*' were used.

Outcome measures

The criteria used for the evaluation of the outcomes
were bone union of the fracture on standard AP and
lateral views, range of motion (ROM), and specific
tests for instability such as the Lachman, pivot shift
and drawer test measured by KT-1000 Arthrometer
or similar devices. Outcome scores used were
Lysholm Knee Score (LKS),7-2022-2427,30:32,34,36,35-41
the Hospital for Special Surgery (HSS) knee
score,”? the International Knee Documentation
Committee (IKDC),7-2#26:27:29:32,34,37,38 \ 141y a] 20:39
Tegner”*%***” and VAS scores.”®

Rehabilitation protocol

Different
(Table 2). The length of immobilization and weight-

rehabilitation protocols were used

bearing was different in each of the reviewed stu-
dies. In summary, rehabilitation depends on the
type of fracture, the quality of fixation and patient
compliance. Stiffness after surgical procedure is
considerably increased compared with conservative
treatment, thus early mobilization was recom-
mended. Isometric exercises are usually performed
to improve the strength of the quadriceps during
the period of immobilization to reduce muscular
atrophy.

0202 JoqWianoN Z| U0 1sanB Aq LEBYY/ L/EL/L/8L L/AI0IME/qUG/WOd"dNO™D1WSPED.//:SA)lY WO PAPEOjUMOQ



L. Osti et al., 2016, Vol. 118

80

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

11 2d4], HL1-€DA ST LCELE: )\ saan3deIy 9)nde PIm uonexy ¢2¢00T
01 ‘I1°2d41 91 qpod4y ‘sad 97 pasedrpur JoN 10§ 380 Jaise|d sauy 12d41,  pue ‘qy pue y 2d£ T, MIIDS pare[nuue)  2A102ds0139Yy ‘s1opukay
(ewnen
1935e skep
T1>) 2Inde
pue ‘(sasdyd
uado) Juoned
wjoys4& pue M danjeuruat
AIRdAL TS {0T-L) DI ‘0007~ aouy o3 [enred ‘m e-g sauow I0p3s Iopue
Z pue ‘I 2dL1 ¢ £g71 ‘9d £ ‘urwiyor ‘INOY XY JO UOIXJ} [enpeID) 10§ eI IX3-[[Ng 9 > dn-mofjoq ‘Al pue I 2d4, -9InINS YIIM UOLEXT] aandadsord ,800T BSIA
sy1ods w 9 1e
DI pue ‘PPAd] Buipho m 7101
Ananoy 1ouda], ‘0T1-0 INOY saIn3doeIy 9Inde
ALRAAL $1T [4¢4}4" ‘21095 woysA | M8 3¢ 09-0 pue “+7 SqQv
pue iy 2d4 T, HeL-LT) 000T-1) ‘SAV NOY M T pue uewyde]
91 ‘[T 2d41 9 L,1¢ ad9¢  ‘uewyorT NOY ‘XY X9 "wost ‘g-m [0 90'Iq IXA-[[N] M | UON ‘1oy8y 1o 1 2dL T, 2InIns Ino-[ng aandadsord 800 “Suenpy
(SSH)
$9100s £1931Ng
105 [eydsoyq saInjoexy
uounuou PUE ‘s9100s 29Uy (uorunuou)
RINELS wjoys&T ‘000T NOY paseaxour uorun [un o101
€ ‘qrur odA 1. 2/€ {(/y—9) -1 ‘sqy sa A[renpeas aoe1q d-M [ensed pue pue anoe
€ ‘VIII 2d41 L1679y uewyore] NOY ‘XY uonow paywry urfds 8o Suoy m g SUON Al pue I 2d4], smns no-[ng  dandadsonsy 22S00T ‘Uyy
uondadorrdoxd siuaned
000T-L) pue 2s1019Xd danyewur (1)90109p
LI 4(§1-9) pue sqy ‘s ureyd-pasopo 1[PYs Surnure-1Hy pue e 110T
Ppa3earpur Jo0N Lzr‘ad 11 uewyoe] INOY ‘XY ‘q- M\ 2AIssardo1g 1seld m ¢ SUON 111 pue ] 2d£ T, (1 T)SMOIIY SNOSIUSIA aAn0adso1g S19IN0 4\
M 8—9 e SITels
pue g-m [y SMIIDS paje[nuued
‘(3(9m) M H—¢ Inioey IO SATIM-Y [PIM
AT 2d4T ad 1B -\ Inoyim 90BIq 29UY YIM Jred yamord (A1YV) uonexy
T “TI 2dA 1, (F1-2)4T°01 31893 ueWYORT UOIXI[J-IX3 UOIXJ[J 39U neaeld [eiqn [euIauI pue 12800C
d g qrad4L ¢ ‘(syuaned) s1d ¢ Pue NOY XY JATIDE PUE JAISSE] JO 50T Ul "g-M [Ind puesiean IOV Al pue]ll T1odA] uononparoidodsoryiry  aandadsonay  ‘apppeIowiwios
AN uonenyeAd jusuneany
uorsa] Jo ad4, 3y ‘syuaneg aanerado-1sog uoneNIqeyRy aanerado-1sog BLIDJLID UOISNIXY BLIDILID UoIsnpduf anbruyda, Apmag Joyiny

uone|ndod Apnis pue |0503104d uonell|iqeyad ‘luswabeuew jo adA] | ajqel



81

Arthroscopic treatment of tibial eminence fractures, 2016, Vol. 118

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

panunuo))
dn-mojoy
ouid¢
11 2447, ‘8/8 (S1-L)

yrpueqradiy g A1 (97)€T

(%SY) I8 (% $9)
I °2d41, 01 W1 01/
pue (%S¢) H6€-L)
Ioday ¢1 LYAR Va4
¢/L(1y=L1)
1 2441 Iy £297:d 1
i4
“1°91-6°L)
1 2d41, 9 £ogrsidg
/S (81-91)
LA\
adA L fe/11

Ayanoe pue o[eds
Sur109s Uy
wjoys&T ‘000T

- 1-uewyoe|

‘NOY XY

1uda], pue
O ‘woys&T
‘Gunsay xaporg

YIys-10A1d ‘SAY

‘uewnET ‘WO XY

Suroms

pue Aydone
sdaoripenb
‘0001

- “Yrys 30a1g
‘sqy ‘uewyoe|

INOY ‘M 8/9 18 XY

91028

QWY [[eysIe|N
pue ‘1ouga],
‘wijoys& ]
000T-1 ‘O
Y1ys-30A1] pue

ueWyoET ‘INOY X

wjoysAg pue
Yiys-10A1d ‘SAV

‘uewye WO XA

syjuow 7 10§ I

(%p1) sid ¢

ur ﬁMuNum_Ou se
-/ Pu® (%98)
syuaned g ut
d/M\ 0u 10 yonol
-201 A[[eniut
a-M "(%05) s1d
11 Ul M pPUOIIS
ay1 puoLaq pue
(%08) s 11

ur A[a3erpawrwt

parentur NOY

s110ds 03 uInyax
P OTT Surpdkd
puE wnms

P 06-09 “d-M
14 :p 09-0€
‘Buryorons

X9 "Wost

NAOD $4epOE—0

paredtrput J0N

$IYINID M

q-M :S«“— ﬁﬁm M¢C

10§ Xaj IYSI[s ur 358D

(%87)

M { 10 35ED

10 (%TL) MG

hcw MUNHL ur .LCEEM

syjuowr | 10§

o() P3320] 2deI1q

pasury ‘g-\ [enied

nmy
10§ g-M\ Umop
-yono3 pue ,O¢

paxayy Ised 3o[-3uo

SUON

‘jean
*do-uou “fur
‘wegiunu
‘soanydey

quuy 19moJ “eisd]

SUON]

(d 1)
mﬁCﬂumE o
pue (sased

) Juaned

QInjew [eI9[aY§

pue ‘uoned
Jnjeuuut
WS

‘I pue 1 2d4 L

mvuﬂuUNH«“— Inde

‘I pue 1 2d4 L

1 2d4 L,

Juaned
drnjeurur

39193 Iq1 2d4,

s[reu d[qeqrosqeorq

(%81:3d %) ATIO

/%T81d 81) ATAV

(9% 7end £) sarmins

/(%89d §T) sma1dg

uorun 1aje
[eAOwAI SaInIns

Srf[eIoW YIM

uonexy pue uondnpay

(wzI-8

uouwm ~N>OEOH

MIIDS) UOLEXY
MIIDS paje[nuue))

(ur9 urgm

Jeaouax Buuui

1aysem payids

aandadsorg

aanoadsonoy

aandadsoig

aandadsonay

4¢600T

‘soral[ry

42 110T e

0007 ‘BSO

0z£00T
EElinlo)t |



L. Osti et al., 2016, Vol. 118

82

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

‘Iomelp JoLue JPam e sawn e jo uonisod ay3
eSS ‘aleds [euonduUNy €—7 SISIDIIXD ur paridde sem RS 10T
cpueradil ¢ /9 hgzr ‘sadg woys£T Xy aa1ssed pue aAndy jurids saase[d Suo QUON III pue J] 2dA],  uonexy maI1ds-119qIoH aAndadsorg ‘puedar
wa)sAs
INELIS S 3ur109s [reysIe|N
pue Iy 2d4 ], (09-6) pue 3ur10ds uonexy 6cET0T
8 ‘[T 2d4A1 6 Agrsad g 99wy WOYsAT Xy pased1pur JON. paedipur J0N SUON  AJ pue ] ‘I1 2d4 1 Q1mns d[qeqrosqy aandadsoig ‘ouepisp
*£1981ms
1e M9

ueddq g- 1y
03 uo1ssaIdoiy
*Apanesadoisod
AJpreIpauur
$9YOINID

M g-A\ yonol
-903 ‘paseasour
E_m:ﬁmum Eli)
~UDN urur suo qu

006 03 parury

auryorur (INdOD) 11 pue [ ad4 L,
uonow aaissed pue Lumiew m9<
‘uonoesnes snonunRuod [e39pays “Amnfur 10§ pajeanun
juaned pue e Suisn WO [eIPUOYD031ISO aInyoely
ured Sy A ‘91008 aarssed ‘sastel 10 [eIpUOYD pue syuaned uonexy aInns
b/6 ($1-L) 99wy wjoysA So1-1ySrens 90'Iq Uy ‘anfur danyewruir @P102041I0 4V 10T
I 2d4, L1 ‘sd €1 payipowr DI ‘XY ‘SUOIOILIIUOD J[ISON paSury ‘So1-SuoT  snojuoweSiny  A[[eIs[ays I 2dL T, 10 I TIqL] aAnoadso1 ‘Ayex[Ppqy
[eAOwdI
/v 000T 20'Iq M 9 mg sIoyduE 2InIns
ATRAAL T (£8) pry2 -1 Pue DA e °g-A\ [ented 105 g-M\ ou pue d[qeqlosqeolq
pue 1 2d4 ], 1 (£84—87) J1ys-30A1] pue pue sasI19Xxd *JX9-[[nj Ul AdeIq Sursn Juswigey
T madiy 7 synpe :s3d ¢ uewydrT NOY XY INOY M T 1YY UOnOW-PIjeIWI] SUON SQUON 3y} JO uOnExXI] aandadsoig ,¢800T ‘A Ul
(yzL>)
$9IN30RI} ANOE
/N uonen[ead Juouneay
uorsa] Jo ad4, 3y ‘syuaneg aanerado-1sog uoneNIqeyRy aanerado-1sog BLIDJLID UOISNIXY BLIDILID UoIsnpduf anbruyda, Apmag Joyiny

ponuiuol) | a|qexr



83

Arthroscopic treatment of tibial eminence fractures, 2016, Vol. 118

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

panunuo))
DM ‘WOY NOY “panturiad
11 2d41 1 ‘I3owoIyIIe d-M [BI0L
‘Tod4r g L/91 000T-1 243 4q "99eIq 33Uy
dq -ermyoey (L£0s-L1) painseawr Lyrxe| UOTSUAXI-[[NJ amjewr
INELIS A STET T/ Ul 9UDIJIP © Ul S3SIDI9X9 AJresspoys (Sq) soamns
pue 1 2d4], f(£75-81) 9pIs-03-apIs pue Suruoyiguons pue sarnjoexy puoqyig 10
ST ‘I 2d41 6 39S S sz sd gy 1593 31ys Joaid xy  sdoourpenb ornowosy M g 103 dorIg UON  AI Pue I[] ‘[I 2dAT  (IS) Smoxds parejnuue))  2Andadsomay ,2CT0T ‘ueg
‘paeIaol se
31893 uewWYdR] g-A\ ‘uonesrui
ay) pue Aue moyim uoed0[sIp
‘Aniqowaauy Aporerpawrut 2auy 1o Amlur
a1 ‘21098 DA paiiels JusweSnnw
qII puE 1a30WI[0y a1am Ayruriogop ‘9gewrep
ad£7, 1 pue 9T £q panseawr uoIxayj Juaaaxd [9889A 10
eqqy 2d4 ], (ST1 F) Ayrxe] 9auy 03 SISIOTIXD Juow 9ATSU ‘DInIdeIy saInoely
T IadLr ¢ A7pe adg aanerado-1sod ‘xy uonowW DU 181y 3y} 10§ doeIg neajed [eiqi],  dInde [ 10 [ adL ], uonexy odonydil,  2An2dsonAN  , HT0T dIATEL
w e
s110ds 03 uInyax
pue panunuodsIp
SeM 20BIq
IOV (Surreay aimyoey
ay1 jo Ayuigayur JnojeUe JI) W ¢ savm(ur
pue s[aAd] RAVAERTAG R ] JUBIIWODUOD
Ananoe Lnfuid yum g-4\ pue pue £1281ns
jo uondwnsas NOY [0y udy, 29wy snoradid
¢51593 JomeIp M 9 18Iy 33 10 ‘oouelsqns
"ATRdAT, Jorsod pue 206 03 parnw| JO %0S
juoned | Jotrue ‘ured X YIm ‘mg Su1pasoxs spoyiowr
pue aInidery 1/91 €593 s59135 snJfea 1 UONBATOR ‘urresq 1ySrom OV (xaynoy) X1-1,
12d4AL 1 ‘I Lze-€T1) /snxea ‘Aypiqess sdootipenb 10§ UOISUIXD 9y 01 aZewep [301A3p HDY Y3 <€10¢
ad47 (9%88) ST £g91 ‘s9d /1 uewyoe NOY  pue Adesoy [edrshyq ur payd0] 2deIg ‘uonexy ma1dg  AJ pue [ ‘I1 24T, 10 21MINS/01A9p HDY  andadsonay ‘rodwanpy

Y1y 2041

pue uuewyoe|

‘M9
o3 191y G- M
g "M 4 10y

d-/\ [ented pue

Surjeay punom

[uun WOTXa}, 07

Juaned

Sanyewrwar



L. Osti et al., 2016, Vol. 118

84

$3sI9X2 INOY

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

€18 OdXI pue 3533 YIM M =T 381G 628 10T
m2dAL  H(11-9) g ‘) [1  uewpe ‘WOY XY Y1 I0J -/ [EIIE] M 9~} 10] UOISUAXY auoN I 2441, a1mins snoassosuel],  dAndadsonay ‘yrsem
Mm93e g\ pue (Ir
1591 M € J' palIeIs UOISUIIX ad4£71) JuswraSeueur
1 2d4, 1/S €(9€-971) 31ys joald pue Suruayyguons [y urm ¢ JATIEAIISUOD 7661
1 pue I 2d41, ¢ pg3dg  uewyr] NOY XY sdooupenb ‘NOY 103 IzIIqOwT 29Uy SUON 111 pue 1 2d£ 1, ] pue UOnEXy 2Ining aanoadsorg ‘SMIYPEIN
(mrad4r g pue
11 2d41 1) omnins
Pm ANV pue
‘™9 49 WOY (11 2d4 L 1)A040
[0 M 7 381y me (11 2d4 L, 1 pue
11 2d4Y, DI pue 0001 Y3 10§ 06 03 10y Aep e 4 01-9 I12d4], 7 T2d4Y,
LPUe]l /T H91-L) -1 3833 Teorunpd PR3] X} YItm 103 paypofun m SaInIoed} Al ¥) JudwSeuew s010C
adAy ¢ ‘7 odA] ¢ Lezr‘sad 1 ‘INOY ‘ured ‘xy Aderayy edrsAyg 9 10y aoe1q S9[-3uo] QUON pue 11 “II T 2d4 L JANBAIISUOD)  dAndadsonay ‘oosipn],
£1931ms 1935e
$9700S W]OYSAT M g WO g-M\
pU® dS SOPL [Ny pue ¢ woly (14
INELISRE £q pamseawr -\ [enied “m pue soideN Xa1yiry)
pue 1 9d4 ], /¥ {(SS—2) SIOUDIJIP IPIS T woiy Sururesy SaIn3deIy waIsAg 11102
¢ ‘[rodAr 1 £gg7sd ¢ -03-9p1s ‘INOY XY NOY pue 2oe1g M 7 10§ ISBD) SUON  AJ pue ] ‘[I 2dA],  areday aadip [edstusin aandadsoig ‘reryoQ
™91
1€ Sa1IAIDE
S1I9[YIE 01 UINIDI
aarssardoid e
pue Suruuni £q
pamo[[oy m g 3e
90BIq JO [BAOWAT
pue Surwims
“Guiph)
M 9-¢ 10§
Al 91008 00TT—0 UaY3 ‘M
adA1 1 pue wjoys£ pue =€ 103 00660
/N uonen[ead Juouneay
uorsa] Jo ad4, 3y ‘syuaneg aanerado-1sog uoneNIqeyRy aanerado-1sog BLIDJLID UOISNIXY BLIDILID UoIsnpduf anbruyda, Apmag Joyiny
ponunjuoy) L °|qel



85

Arthroscopic treatment of tibial eminence fractures, 2016, Vol. 118

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

AIRdAL o/t
T “dII 2d4T, {91-01)
1 VI 2d4L 6 Trrsd
9/L
9TF ST
¥ 14040 ‘S ANIO
EINCAIELN LITT
6 +1¥O ‘€T LTF 6T
WDV I RdAL EINCAGIERY
% 1U%6L
Ky F 4TI IND
%LV%E8
¢ F 7T N0
%9€/%+9
LTFyal
ﬂmﬁmu:uﬁ: JON "n=m< nmua 9/

53533 Jrys-joard
pue uewydE|
‘romeIp
Joruy ‘WOI
‘IajPwoIyIIe
0001

-1 91008 29Uy
wOYsAT ‘910
DA 2anda(qns

pue 2A193[qo Xy

pajed1pur JON.

uondesnes
JuswIedn]
pue 21098

woysAT ‘ured Xy

suryoew
NdD ® Sursn
$3S1019Xd INOY

pue SISIOIIXI
Suruoyiuans
J1133WOST
sdaouipenb
‘suonezijiqow

Te[areq

pasedrpur JON.

pasedrpur J0N
M9
T d-A R M 9
10§ PaMO[[E JoU
91B SUONDEIUOD
sdoorrpenb ureyd
uado aandy
*SISIOTIND UOTXI[F
Suinswey

QAIDE pue

"UoISUAIXd
RIRUERAGERI |
unyoy e yam
Surreaqiysom
[0 oM

1d 0701
paseazoul

pue m¢

10§ (60€—0) eIg

(b=L) PS'TT :ATIO
(9€-2) P91 ATV

:uonezIIqowwy

MH¢ND
My ATIO
MTe ATV

:9deIq ur "qourwy

pazedrpur J0N paedrpur 10N uonnq JendomIe-enuf
(T poq
pUE g :M310s ‘7
2anins) s1d €1 :ATIO
(1 :pog
pue g :Ma10s

SUON

I pue [[2d41 ‘6 :ammans) s3d T 1AV

(WD) sid

61 Juowadeurw
SAIIBAIISUOD)

Aerx $1d 67 AT4O

sid g7
ANV ‘uonexy aning

aanerado-1sod

ou pue [ ad£], 111 pue ] 2d£ T,

aandadsonay

aanoadsonoy

aandadsonay

265107

‘njSosnuagn

1eSTOT ‘shem

0e¥10T
‘spuowrpy



L. Osti et al., 2016, Vol. 118

86

1IN

yum s1d g ur Aousoygnsut

1DV pue (Juswusgurdur

10§ Y0O[-pu0d3s

1) s3d 4 ur (uononpaz

19doadur 03 anp suoq jo
uondsloid ay1f-jjoys) Suidpa]

parrodar 10N

SUON

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

£8-T

w47-9

(T6—+7) W pe

0L°68 11 2dA T, pue
§T'S6 I12d4 ], :wjoysd

(86-98) T6 350d :DAI
6 doisod

67 doaid :wijoys4
*(19a9] Amluraxd
=) [9A3] A11A1I0E
91819pOW-03-SNOUIIS
%S ‘b6 doasod “[and]
Aanoe L1eiuspas

03 3y31] doaxd DA

¢/ doisod ¢ doaxd g1,
86

doisod ‘g¢ doaad gy

(aanerado-axd)

doaxd ou

uononpal
Jodoxdun
11 2dA T, yim sid 4

uorun 9001

AEqIYY

*23s "ua3ap | 23e1g

(%01) $1d 7w ¢
Id1ye UOIUN % (0T

(91-21)
M ¢T uorunuou

adg

ul +++ 9d 4 ur ++

9d ¢ U+ SQqVv %001

I 9dA T, (Aem Guiard

moyum + ‘yoe  id
¢1 ‘“Axejoud ¢y adL,

(%00T)

— JIys JoAld pue

SV pue uewyoe|
He=1)wur g 000 T-1L)

(%00T)

wuwe> 0001-L)

“(%001)- Sav
pue uewyoe|

(ww § 000T

-1 “+T sqv pue
uewyde ) J1d [ (ww

‘u £[redu
X3 4 ‘[euwriou 77

u A[1esu ¢

‘[ewou 4

(A1 2d&y

1 pue od£1

1) (o§T-91)

XQG _NEHOELN
(%§°s)sd¢

INOY [ewrou
(%bvy) s3d 91

£2€00C
‘s1opukay

8007 ‘B3OA

,800¢C
‘Guenpy

s3d ¢ ur (198uo] paroayye) weg anoe (001-16) ¥'96 SSH pue (71-8) M 8°01 €> 000 L) pue
wo 7 Aouedoiostp 3o quiry (08-0g) w1g “001-26) 9°S6 ST uorun :$3sed 3oy -SqQy ‘-uewyoe) sidey (%00T) [BWION  .,§00T ‘WYY
(sopts y10q
Parey HIp) Ww € = > 0001 M6 e 10T
pUB Pa3Ba1IAI :2INIDRIJAT | (01-€)4 pasedtput J0N uorun 9,001 -1 :s3d 7 ut Axe[ piiAL - e (%00T) [BWION ‘S10IN0 M\
Juouwradurdur AiqeIsut
(AL 2d£], 9) Awozoayire mnoyIm aA13d2(qns oYM 12800¢
-TUTW UT PIJISAUOD ()T wgy pasedipur J0N uonedo[sIp YSI[§ sid ¢ ur +uuewydey (%00T) [BWION  “Ip[ojIowwiog
d4d00S XA LSdL NOX
suoneordwon dn-mofjog SInsaY loymy

suoedljdwod pue sawodnQ g a|qel



87

Arthroscopic treatment of tibial eminence fractures, 2016, Vol. 118

penunuo))

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

(sonorqnue

IIM Palea) A[[nJssadons)

uondJuUI punNoOM

[eyaadns jo ased suQ)

SUON

swa[qoad [eotuyoa)

10] NAJO 0 UOTSIdAUOD T
“JUAWAPLIqIP
anssn 1eds o1dodsoryire
1 pue uonemdiuew
] ‘UOLIEXTJ 2ININS [ITM
(%¢€T1) s3d 7 ‘[eaowas
s1empiey dnewoidwLs
parmbai uonexy maios

(%.8) 3 4 :(%.L7) 2d 9

dypu

110ds 191J€ SUI[[oMmS JUSLINDIY

pasou 10N

YT+
8°9 0S) wgor

£

(s-0) L6 ¢

(S1-0 42

(w/—¢1) 1834 |

(€9-0) L€

9'6 TUONIRISNES
uonerado §yA
0 ured Sy A
$708 DI 2A1d3lqng
T’ 16 91038 WOYSA]
d 1 PUB Y CL:OAM
's3d ¢ ur [ewrou £[1edu

‘s3d 7 ur fewwiou DL

‘100d 1d 1 pue
poo3 1d 1 ‘quayPoxa
s1d 11 :9100s wjoysA|
(1-) #u8a], pue (£-)
DA (esaxdur apedsp
w30 X /-) §Y[T U0
1oedunr aaneSou sey a8y
‘9
doisod 99 doaxd :10u8a],
16 3s0d g 21d D@1
€6 350d ¢ a1d :9yT

Limqeasut
Juted [enpisax
urejdwoo sjuaned oN

(6=2) L8 3ouBa],
(0S—L¥) 0°6¥ “I[eYsTEN
(001-86) $"66 *WOYSAT

Juowdey

2IMIORIJ A

JO pud IOLIIUE 2}
Jo Juswdedsip

Jorradns Jo ww maq

uorun 9001

(uoneaspd
“e1y ww 7

sid ¢) worun 9,001

(42108 + ITIO T
pue ‘ma13s + JTYVy
T amns + 1V
) ww ¢—¢ ded
(%87) $1d ¢ ‘uorun
%001 (%cL) ¥d LT

M 8-9
I23Je TOTUN 9,00 T

uorunjew oON

s110ds [euonEaIddl
pue Aanoe
J0 1949 Amluraxd
1oy 01 winzax sid [y
*- 535331 J1ys J0a1d pue
IdMEIP JOLINUE ‘4 189}
uewyoe] s1d 7 - 51591
J1ys 10a1d pue 1omerp
Joudjue ‘uewyoe] sad 11
wuw > 000 L)
‘- JIYS-10ALJ 29 UUBWOE]
1591 doy-apis
[ewiouqe 3d | pue
‘1593 doy 391-913urs
1B [RULIOU %,()(] ‘W

€=000T-LYuodad|

1 2dAL pey + IV
(%) +T pue (%ST)
+T (%08) -uewyde]
(%07) wu
€<0001-1 pue +
uewyoe| ‘(9%0g) ww
€>0001-1.X pue—
JIYS-10AIJ pUB UBWIYIE]
*51d 9/ ur wwr ¢<
000T-1Y Tewrou
U 7 ‘[ewIou 4 :JIys-10AL]
[ewiouqe
T ‘Jeutiou £[resu
¢ ‘[ewrou 1d 1 :uewyoe]

WOY 114

WOY 1A

JopIXd ¢ sid
m.wuﬁ
X3 ,01-¢ s ¢

(05 1/506)

o€€T 1UoIXaY

woﬂv— ueawx

PU® (01 —/oL)

o] — :UOISUIX?
D@ﬁ& Ue3aN

oSEI-STI
Xap/ 1% [[ng

(%00T) [ewIoN

4 10T
“Ayex[Ppqy

168007 ‘A Ul

9c6
007 ‘soxa([ry

421 10T “ABN

000 “BSO

0z€00T
CIYd0Y



L. Osti et al., 2016, Vol. 118

88

(dnoig gq) £1931ns 1033

sqauow ¢ Aprewnxoxdde

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

(€6—+7) WLt :SH

pue ‘z :L11an0e 10u39],

‘06 2am3[qns DA
‘06 ‘wijoys4] :dnoid g

(%0) 0O

pue (%8) 4 T (%76)

V €T :(%) uonenead

2a1123[q0 DA

pue ‘g :A31A10® J0u33 ],

‘€6 And3lqns DANI

“++ Yuys

1041d 7 (%8) T pue +
yrys s0ard ad (%8) T :4S

*dnoigd

SA Y3 Ut (%€ET)

sid ¢ ur pue dnoig

dS ur (%8) sid ¢
ﬁ_ i m; < vuﬁuuomm:u

(%77)
Sd § ur pue
(%8) A4S T ut

o§ < IYIP UOIXIY
"(%L7) ST 9 I
pue (%71) S

€ ut 7 <I0Yp

ssoupns w0l auQ  (00T—+T) W8S S ‘g6 rujoys£T :dnoig gg uorm %001 OPIS-03-9p1s 000 T-LX uosuAxy . 710T ‘UBd
‘4+1S9) UBWIYDRT pue
W § JO 9UITJIP uonour
‘siskjoayare oidoosoryiie 1910WI[OY] SPIs-03 SGururegor
ue pasmbar g pue daripue -opIs & (aim A1rxe] SonNOYHIp or? 10T
suoneddwod uonow sid ¢ wQr D147 VOMIIsd¢ uorun 9,001 JoL1aiue JuedyIusds suQ) a1040s s3d ¢ ‘QIATR]
Aianoe
Jo [oa9] doaxd o (o$°S
pawmnsar pue 133 3s0] 93eroae
*A11A1108 snonuans ssa1s snd[ea/sniea uQ) X9 Jo
yum parerosse ured ¢- 51591 JomeIp Jorsod -0T Uer a1ow
JuanTuIeyur pyru sid g pue Iotue ‘AIqeIs 1s0[1d | pue €107
suoN (Agr—wg)wegcg  pueured ou sid (9€6) 6 uorun 9,00 T poog ‘-uewgoey sad [y %3 Jo ¢ 350 s3d 7 ‘raduranyyy
1 2d41 ur 07 v6 9SED JUO UI + TOMEBIP
Juounean Arewtid 1oije pue I 2d41 ut /646 JIOLIdIUE PUB UBWIYDE] owE10T
s1eaf ¢ snuyire Juardoug A1 :9[eds [euonounj WoyYsA uorun 9,007  sad Aue ur LiqeIsur oN| WO 1A ‘puedary
s3nsax poo3 £19A 9,08
pue s3nsai poos 9,0
1wA3sAs 3UL100S [[RYSIBIA
s3nsar pood £1oa
%0F pue sjnsa1 poo3 (01-9) «£10T
SUON (€e-TI)WHT %9 2100 22U W[OYSA] M g Je uorun o, 00| paredtpur J0N pasedtpul 30N ‘ouepIop
d4d00S XA LSdL JA(O):
suonedtdwon) dn-morjog sinsay Joymny

ponunuo) g 9jqey



89

Arthroscopic treatment of tibial eminence fractures, 2016, Vol. 118

penunuo))

Downloaded from https://academic.oup.com/bmb/article/118/1/73/1744831 by guest on 12 November 2020

uonerdo

juanbasqns 9, /°9T1 TND
%111 4140 pue
%TIHIY s101qyoryry

QUON

SUON

sidg
Ul SISOIYITE JANBIoUaSI(]

SUON

AZF8SND9

ATF 89O L

A7F 96V S

w(rg-11) €91

£

(£ 14 :o8e
ueaw) 1mMOoI3

[e39]9Ys JoO
pud (74—C1) £ 6T

(y7—8) w ot

6 ‘IND pue
6'6 +NJO ‘9°6 ATV
uﬁomuumwmﬁmm uﬁvgumuﬂ.ﬁ
98 ‘IND
PUe $°£6 :ATIO
‘S6 ATV wjoysd]
Lru)
pue £°0 :ANIO
‘0 YV ‘uted

dCTPUE V6 DA

SUON.

(m
ad47) [ewiou Aj1eau
v pue (M 2d4AL 1211
ad4 1, 1) [ewrou g :ATYV
S)nsax
[ewIou A[183U S qTYO
(111 2d4]) Suo
ul [EWIOUQE PUE SISED
XIS UI $3]NI [eulIou
:A[paneradouou
Pa3BaI3 UIADS

(001-06)

£°06 :9100S W[OYsA]
(%€T) D€
Pue (%L1) 4 (%0L)
V 91 (%) uonenyead
241323(q0 DA

uorun 9001

uorun 9001

uomm %001

$ISED OM] Ul
juaIdyins pue Sosed

9AL Ul UOIONPAI POOL)

uorun 9001

payeatpur 10N

+1 uewyoe ad |

- Jrys Joard

pue uewyoeT ‘sid oy3
Jo Aue ur Ayiqessur oN

Aiqelsut

2A122(qNs J0U INq W

§< OUIHIP 0001
-1 pue + uewyoe] :d 4

[oA9]

£yanoe 110ds swes
ay3 03 pawnyar ad ¢

(6¢-+"7)
9°¢ () 9OUIIP
9pIs-03-3pIs AYy/gS SOPL
+++ yiys
10a1d (%6) T pue ++
yrgs 30a1d (%€1) €

“+ yiys 30aid (9%77) § 54

pareatpur 10N
Ioyop

uorsuAxa ¢ ad |

(010
aduer) ,Ge1-C

a191dwo)
(¥=0)
§°0 =Xy pue
(8-0) 07 3%
i(,)90UdIIIp
9PIS-031-9pIs INOYH

0ct10CT

‘spuowpy

62S10CT
‘yrdem

w7661
‘SMaYNeIN

sz010¢C
‘oosipny,

L1107
‘TerPO



90

L. Osti et al., 2016, Vol. 118

Table 2 Continued

Complications

Follow-up

Results

Author

SCORE

RX

TEST

ROM

Arthrofibrosis: ARIF: 7 pts

Not indicated Not indicated ARIF: 13.9 +

None

Not indicated

Watts,

(38.9%) and ORIF: 1 pt

(14.3%)

10.5m
ORIF: 12.7 =

20153!

14.3m
69 m (60-84)

None

100% union Lysholm score:

Anterior drawer,

Active extension:

Memisoglu,

95.7 + 6.6 (84-100)

IKDC subjective score:

Lachman and pivot-

shift tests -

~1.8°+ 3.4
(=10° to 0°)

Active flexion:

20152

94.3 (85-100).
Global IKDC scores: 7

135.5° 6.1°
(125°= 145°)

normal (A) and 4
nearly normal (B)

Study population

The total number of patients was 384 (235 males
and 142 females). Two studies”™*” did not report
gender. Fifteen studies?®:>1:23-25:28-34.36.38.40 o 4 an
average age of less than 18 years (skeletally imma-
ture patients) while 9 studies’?>26:27:35:37:39.41.42
reported data about adult patients.

Using Meyers and McKeever classification, 104
Type II, 202 Type III and 31 Type IV lesions were
reported. One study®? did not describe the types of

lesion.

Clinical outcomes

The clinical
Regarding ROM, 263 patients achieved complete
ROM (100%), and 7 patients achieved a nearly
normal ROM.**** Eighteen patients exhibited a

flexion deficit (5-10°),72%273¢41 and an extension
2527,29.3641 Three

results overall were excellent.

deficit was found in 21 patients.
patients had severe difficulties regaining complete
ROM.**

Clinical evaluation was based on the Lachman test,
pivot shift test and anterior drawer sign (ADS), in
some studies the KT-1000 or similar was used. A

- o 20-24,26,28,29,33
Lachman + was found in 36 patients, »26,28,29,33,

33,36.3840 3 Lachman 2+ in 3 patients.”’>** Anterior
knee laxity measured with ADS and KT-1000 was
found in 31 patients,>0?%2326728:33:35.36.40 piyot shift
test when used as a rotational instability test was
found + in 4 patients.”’*” Details from the included

articles are provided in Table 2.

Radiographic evaluation

7,24-27,29,30,32-35,37,39-42
> 527590, 5375 there

In 16 publications
was a 100% bone union, an acceptable reduction
was achieved in two patients (2/7) treated with
ARIF in one study,*® and a mild superior displace-
ment of the anterior end of the fracture fragment
was found in patients treated with FiberWire® or
Orthocord® suture fixation®® and in three (3/16)
patients treated with bioabsorbable nails.*® In four
patients with a Type III lesion treated with cannu-
lated screw an improper reduction was achieved.??
One study used Kirschner wires or cannulated

0202 J8quWenoN z| o 1senb Aq Le8rY/L/EL/L/8L L/BI0INE/qUG/WO00 dNo"olWapeo.)/:sdny WOy papeojumoq
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screws; it evidenced a slight dislocation without
impingment®' in five patients (28%) treated with
different techniques, and a 2-5 mm gap.”*

Complications

Different complications occurred: 1 patient refrac-
tured,>® a limb leg discrepancy of 1cm (with the
affected leg longer) was reported in 2 patients,”” led-
ging (shelf-like projection of bone due to improper
reduction) in 4 patients,”® partial ACL lesion in 3
patients, recurrent swelling after sport in 1 patients,”
and arthrofibrosis in 19 patients.*******° In one
patient, conversion to open surgery was necessary
for technical problem?®; there was one case of super-

38 an incipient arthritis 5 years

ficial wound infection,
after primary treatment,* one joint stiffness at 3
months after surgery,”” and degenerative arthrosis in

two patients.?®

Discussion

Surgical treatment is indicated for Type II fractures,
when attempt at the reduction has failed, and for
Type III and IV fractures, 22724333437

Different surgical options have been proposed,
including open reduction and internal fixation
(ORIF),"*'”* arthroscopic reduction and immo-
bilization, and ARIF.®%-*2724333437 Qpen surgical
techniques have several disadvantages and more
complications, including soft-tissue damage during
arthrotomy, higher postoperative pain causing
delay in physical therapy and a longer hospital stay.
On the other hand, arthroscopic techniques are con-
sidered the gold standard for these lesions since
they allow to better visualize intra-articular injuries,
simplify the diagnosis, reduce accurately the frac-
ture, remove loose fragments and manage asso-
ciated soft-tissue injuries.”'”*° Among associated
injuries, tears to the anterior root of both menisci
and interstitial tears of the ACL may frequently

%1920 Meniscal tears may be repaired

occur.
arthroscopically after reduction and fixation of the
fracture; the interstitial tears of the ACL may not be

diagnosed and, after surgery, cause ACL laxity,

which is often not relevant from a clinical view
point, %1920

Arthroscopic management consists first in the
debridement of the bony bed of the avulsion frag-
ment and the removal of the soft tissue interposed,
which might prevent anatomical reduction. Each
part of meniscus or intermeniscal ligament
entrapped in the fracture site must be carefully

removed without damaging these structures or
altering their function.**
Methods of arthroscopic fixation of these frac-

21,44

tures include Kirschner wires, staples,”® absorb-

3336 metallic screws,”*** fixation with

1,9,22,24,46 35

able nails,
non-absorbable sutures or metallic wire,
reinsertion of the fragment with a metallic** or
absorbable®” anchor-screw. Screws and suture fixa-
tion are currently the most used and reliable surgical
techniques reported in the literature, »>>21724:45:4¢

Fracture fixation can be achieved with either ante-
rograde or retrograde screw insertion. Cannulated
screws are often used to optimize the entry point of
the screw in the fragment and to insert it in a more
accurate direction. Antegrade screw insertion is per-
formed inserting an aiming guide through the super-
ior anteromedial portal and the direction of the
screw is from superoanterior to inferoposterior,
keeping the knee at 90 degrees of flexion. In the ret-
rograde fashion, the screw is inserted from the ante-
rior cortex of the proximal tibia through the tibial
eminence fracture.*’

The screw technique is therefore simple and repro-
ducible, allows early mobilization and weight-bearing,
but has some contraindications and disadvantages.
Removal of the screw can be necessary in case of per-
sistent discomfort at the site of fixation after fracture
healing. Thus, some authors reported good results
and high patients satisfaction with this further proce-
dure. Nevertheless, incorrect position of the screw can
also cause impingement and cartilage damage.*®
Growth disturbance and leg-length discrepancy might
occur in patients with open physis, but the screw can
be inserted with a physeal-sparing technique provid-
ing excellent radiographic and clinical outcomes.’
Screw fixation is controindicated in case of small size
or comminution of the fragment, and thus its insertion

can lead to further displacement.’>?>
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Different devices, such as Tightrope,*® meniscal
viper repair system,*! RCG,”® Meniscus arrows or
ACL-aiming device®? or simple sutures, can be used
to achieve the same clinical and radiographic
results. One of the advantages of these techniques is
the possibility to use it to treat fractures with small
or comminuted fragments, providing a stable fixa-
tion with no need for further intervention to remove
those devices. On the other hand, the passage of the
bone tunnels through growth plates could cause
bone growth disorders.'® Matthews and Geisseler**
developed a technique of arthroscopic reduction
and fixation using sutures with multiple PDS wires
in five patients with tibial eminence fractures. No
patients complained of subjective instability at 1
year, and only one patient had a deficit of 2° to full
extension at latest follow-up.

Huang et al.” reported 36 patients (average age:
37, range 17-73) with Type IL, IIl and IV fractures
treated with multiple sutures and pull-out (No. 5
Ethibond wires). This method provided good func-
tional results (LKS, Tegner Activity Level, IKDC):
only one patient had residual pain during
moderate-intense exercise, and two patients (one
Type Il and one Type IV) showed a significant flex-
ion deficit of 16-25°.

Ahn and Yoo?” used a similar technique of fixa-
tion with multiple sutures and pull-out (No. 0 PDS)
to treat 10 acute fractures (Type III and IV) and 4
non-unions, reporting excellent functional results
with fracture healing after a mean of 12.3 months
and full ROM in all patients, and only one patient
with laxity at Lachman and drawer tests and instru-
mental tests (KT-2000 arthrometer >5 mm of differ-
ence with contralateral knee) without subjective
instability. The authors reported two patients who
experienced growth disturbance with the affected
limb 1 cm longer than the contralateral, and a genu
recurvatum in one of the two patients; they suggest,
in patients with open growth plates, to use alterna-
tive methods or to prevent the passage of tunnels
for the pull-out through the anterior side of carti-
lage growth.

Osti et al.*® reported a series of 10 adult patients
(mean age 26.7 years) with a Type III fracture trea-
ted arthroscopically with metallic suture removed

after complete fragment union: all patients showed
radiographic healing in 6-8 weeks with full ROM
and stability (two patients had a KT-1000 > 3 mm,
without symptomatic instability).

Using absorbable suture fixation, Verdano
et al.*® also showed good and very good results in
21 patients with complete union of the avulsed frag-
ment at 2 years of follow-up without complications
and similar results were reported by Pan et al?’
However, ARIF with sutures requires a longer
immobilization and partial weight-bearing, resulting

in a higher risk of joint stiffness and arthrofibrosis.*®

Conclusions

Arthroscopy provides a less invasive method to
approach these lesions, reducing the risks related to
open technique such as soft-tissue damage, post-
operative pain, infection and longer period of hospi-
tal stay. Furthermore, arthroscopic reduction and
suture fixation do not require further surgery to
remove fixation devices, but longer period of immo-
bilization and partial weight-bearing. Nevertheless,
clinical and radiographic results do not differ in
relation to the chosen method of fixation. We sug-
gest that the choice of the fixation technique should
rely mainly on the experience of the surgeon.
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