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Tibial Eminence Fractures in Children:
Prevalence of Meniscal Entrapment
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Background: Meniscal entrapmant undar a displaced tibial eminence fregment may be a rationale for arthroscopic or open
reduction in type 2 and 3 tihial eminence fractures,

Purpese: Ta detorming the prevalance of meniscal antraprment in children with type 2 and 3 tibial eminence fractures.
Study Dasign: Case seres,

Methods: Recods of a conseculive series of 80 skeletalty immature patientz {mean age, 11.6 years; range, 5 to 16) who
undervant afthroscopic (71} open (5], or combinad arthrescopic and open (4 reduction and intarnal fisation of type 3 tibial
eminence fractures (57) or type 2 ractures that did not reduce in extension (23} from 1993 bo 2001 were reviewed.

Reszults: Entrapmanl of the anterdar horn of the medial menigcus (36), infermeniscal igament {8), or anleror horn of the lateral
meniscus {11 was seen in 28% (6 of 23) of type 2 fractures and 65% (37 of 57 of ype 3 fractures, An assuciated mentscal lear
was seen in 3.8% of patients {3 of 30).

Conclusions: Meriscal sntrapment is common in patients wilh lype 2 and 3 tisial eminence fractures. Arthroscopic or cpen
reduction should be considered for type 3 fractures and for type 2 fractures that do not reduce in oxiension to remove the
incargerated meniscus, alowing for anatlomic reduction.
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Frariures of Lhe ibinl eminence occer becanse of chondro- Meniscal entraponenl ander o Jisplueed Libigl emi-
epiphyeeal avulsion of the ACL inaerticn om the anters- ° nenece [ragmend has been reported, and s presence may
mediad tibial eminenee **" Moyers and MeBogvar!™ 2 b 4 rationale for eonsidering arthrazeopic or opon redoe-
elassilied Lhres lypes of Hhial pminence fractares: nondia- tion in casc: of type 2 and 3 tibial eminence [rac-
placed (type 1), partially displaced or hinged (type 21, and tures, ™ * %" The purpose of this etudy wes to determine
crmplelely displaved (lype 30, Tibial eminence fractures the prevalence of menizeal entrapment in childeen wilh
are seen relatively frequently in children and weree ance Lyp: 2 and 3 tibial eminence fractures,
Lheouphil L be Lhe pedistric squivalent of midsubstance
A!’JL tEEII‘.E .]n adults_&id,?.!l.1U,12—14.22,23,3ﬁ.2ﬁ mTERIAL’S JﬁlND METHODS

The appropriate treatment of tibial eminenes fractures
in chitdren is controversial, with techoigues advocated A vooeecutive seriea of 50 skeletally inrnature patisnts
that include cosl immobilization, 1% closed Teduckion whe underwent surgical reduction and fxation ol typo 2 or
wilh immwhilization 22-2% ppen reducticn with immohiliza- 2 tikinl cminence fncluees [ram 1993 Lo 201 ot the
Lion, ™ npen reduction with ioternal fixation,®** artlro- Sporte Modioine Divigsion of Boston Children’s Hoepital
penpic reductinm with immabilization '® arthroscopic re- was reviewed, The averapge pdalient age wias 1165 years

duction with =oluee fixation,”™™ aod  aclimseoepic {range, 5 W 16, Thers were 45 mals (565%) and 35 fomalo
redugdion with wire! or acrew fixation, 1+ 1218 {44%) patienta. Tnjeries secwrmed us g result of sports ox
pelive play (T8) or pedestrian-vehicle accidents (4). Lach-
man examination under anesthesia ideotificd Internn-

* Adrrass oorespondance Bnd reprin requests to Minindsr 5. Kocher, MO, tional Knee Documcntation Cenaittee (OKID Seore
MIFPH, Capartmant of Orlbapaadic Surgery, Cqikd ran'e Hospital, 350 Longweod p;radr: A ]ﬂx'it? rmarmal? 10 none of Lhe pubientﬂ. gTE.dE-‘ G
Ausnne, Bosian, MA DET15, : . W : .

Mz euthor or refeted inefilution hsa received any financlal benefit fom laxity {nearly normel; m E}G‘ﬁ' {5 of 800 of the patients,
reeaacch Im ks eludy. grade  (abnovmal) lodéy in B1.3%% {41 of 800 af the pa-
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Lienis, and grade 3 lawity (aeverely abnormal) in 42.5%
(34 of 01 of the paticnts. Pivot shift cxaminalion wnder
anesthesia was recorded for 54 patients sand identified
IKDC grade A laxity {noroaly in oone, grsde B luaxily
(noarly normal, pivet glide) in 38.9% (21 of 54), grade C
lexity {abnorrual, chank) in 57 4% (31 ol Ri), and grade T
lexity (severaly abnormal, gross) in 3.7% (2 of 540,

During thiz period. S0 type 1 frastures, 49 bype 2 frac-
turzs, and 07 type 5 fraclures were treated overall, All
type 1 frectures were managed closed. For bype 2 frag-
turcs, 26 patients were lecaled with a closed technique
beerause they had fracture reduction with knec cxtonsion,
and 23 patiemts wore trentod nperativaly becsusse they did
oot hava fraclure reduction with knee extension. We man-
apged sl type 3 fractures operatively. Thus, in thig seriea,
there were 23 1ype 2 froctures and 57 type 3 fractores; T1
palienl: underwent svthroscopic reduction and internal
hxation, 5 patients underwent open redwetion and inter-
nal fixation, and 4 patienls underwent attempted arthro-
seppi reduction fulluwed by open reduction and internal
fixation. Fixation was performed wilh wires in 1 patient,
sutures in 16 pationls, and screws in 84 patiente (Fig. 1),
Postuperatively, the paticnts’ lege wera plared in a lang
lep ot cylinder casl, (662 ar 4 Ineleed hinged knee braee (141,
and they were allowed profceted weighthearing for 3 Lo 6
wecks, Palionls were then mobilized with physical ther-
upy emphasizing range of motion followed by sbeengihon-
ing and funetienal activities, Arthroscopic screw removal
wan pertormed betwwveen 6 weeks and 3 months postoper-
arively, Return to activitics was allowed hetween 3 and 4
matths after fixaticn iCuhere wos evidence of radiographie
hesling, clinical stability of the knse [THDC grade A ur B
Lachman and pivot shift examinalion with ¢ firm end-
poinl), abkence of symptoms of instability or pain, and
nearly symmerric motion and steanglh.

Cipecalive reporla and intracperative arthroscopic pho-
toz were reviewed lo delovmine the presence of menisedl
eolrapmenl, Qperative reports, precperative radiographs,
und intraoperative arthrozseopic photos weree reviewod e
determinn Mevers Maloover' 7 '% tibial eminance clasaifi-
cation; nudisplaved (type 1), partially displaced or hingod
[bype 21, and completely displaced (typo 31 The prrportion
of rases with meniscal cotrupment was determined and
compared belwesn Lype 2 and type 3 fractures by using
95%: ronfidenve intervals determained by Pratt’s approwi-
mation for hinomial proporetions.*

EESULTS

Hifty-lfour percent of putients (43 of 80} had ao ineareer-
aled anterior horn of the mediol ouemiscos CH46), intermo-
niseal igament (6}, or anteTior horn of the lateral menis-
cua {1 Entrapmend was observed in 26% (4 of 230 of tapa
2 frocluras and 63% (37 of 37) of type I fractures. Type 3
fractures had a signilicantly higher proporiion of meniscal
entrapment {95% confidence intarval for type 2 fractures,
0102w G084 95% confidence interval for type & frac-
turea, G.all to 0.771).

An seaneialed meniseal tear was eeenin 3.8% (2 of B0} of
patients, all of whom had a type 3 tibial cminense feac-
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Figurc 1. Preoporafive (&) and 3-manth postoperstive (B)
lataral radiegraphe of a typs 3 tikial eminence fracture in an
Hl-yaar-old male patient treated wilh srthroscopic reduction
and intermal flxatlon.
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ture. There were twe tears of the posterior horn of the
medial menisreus and one ey of the pastariar hom of the
lateral menjacua. Tear patterns were longitudinal io two
pelienls and hofgmtal in one patient. All three patienis
were treated with menizeal ecpair, und bwo of the three
palients had incarceration of the intermeniscal ligamoent.

DISCUSSION

Arthrescopic o apen redoetien with Jowrnal Gxuiion of
type 2 and 3 dibial crinenes fractures has been advocated
bersnse of the potential for meniseal entrapment wader Uhe
fractured dbial emincnon, which prevenls analomie ol osed
reduclion, ™% ¥ 1he potential for instability and loss of cx-
tension associated with closed voduoction end immobilisy-
tipn, 314522 the ability to concurrently evaluate and treat
aseacioted intras ieular menisad or osbecchondral Injuries,
and the resulting opportunity for carly mebilization. Feor
displaccd fractuves, Wilay and Baxier® ond 3 correlation
belween [meture displacement at healing and Imee 1axity
and functional cutcore. However, soou shadivs hese G
no diffrrenee in the outernne of displaced fikial eminence
fractvres lewabed ¢l oged versus those treated with an open or
arthroscopic technigue. ®® %25 Fuythermore, perdistont
anterinr bnee Tnxity deapile anatomnic sargical reduction and
IMxalivo has been frequently reported and may be relatod to
elongation of the ACL wssovigled with the Hhial eminence
fracrnped 310 B 18,3020 36

Entrapment af the anlerior horm of the medial menizcus
or Lhe imtermeniseal ligament uodor the avulsed antorior
titial croincnes fragment has been reported, Falatie-Jensen
and Honderpard Petersen,® Buorstein and colleaues ® and
Chandler and Miller® have all reported cases of meniscal
ineavecration Mocking redurdicn of type 2 or 2 tibial emi-
renee fracluren in ehildren, The prevalence of menizcal on-
lrpment in patients with tibial eminence fractures has not
been established ol iy 1 coemuag in e wilb displaced
fvacturgy, Puring arthroscopic treatment, Msh and col-
leaguca™ found medial meniacal eoteapoenl preventing re-
durtion in 5 of 10 children who had type 3 frambarcs.

I this stizdy, we frund meniscal enlrapment prevenbting
reduclion in 65% of type 3 fractures and 26% of type 2
fracturcs that did nod codwes inestengion, The prevalence
of meniscal lears assoviated with tibial eminence fractures
wes tave (3.8%, 3 of 80) and therefors doss nol appear e
be oommmonly associatad with anlerior meniseal o inberme-
niscal ligament cotrapount. The preveleove eslimate of me-
siseal colipensnl, e bype 2 Mractures may be hiph hecause
ot veleckion maa, becawse only those type 2 fractures thar did
not reduce in extonsion wore treated swramicslly, MNevartho-
lozs, meniseal entropment appeera eommnaplacs inoeses of
trpe 3 fractures gand relglively copunun in cases of type 2
fractures, particularly those that do not redoce in extension.
Memisen] crleapmend peevends wiulomic reduction of the
tibiz]l emineouws {Fapmens, which may result in increased
anlerine laxity ar a block to extensicn,® ™ 152550 Bypthor
moTe, meniacal emtrapment itzelf may cause knes pain aftor
fracture healing ®

We fourd thol approxienately half(47%, 23 of 49} of type
2 Libis] eminenee fraeturves that we treated did not reduce
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adequataly with kose aclescion. OF Lhe 23 patienls with
Lype 2 Craclures that did oot reduce in extensicn and wha
thus nnderwent arthrogenpic or open reduction, meniseal
cntrapment wan geen in 268% (6 o 23). The obstacle to
reduction in Lhe remaining 17 patients was oot clearly
identified, Floid from hemarthrotic knees was aspirated
in 6ol these IT patients; however, adequate reduction was
sbill nat gbldined, These patients may bave had smaller
fibial eminence fragments that theoretically would wol
eontact the femoral condyles during extension, therehy
affecting reduction. However, we were unable to dosument
this hypothesis becanse many of the original injury radie-
grapha were returned to the paticnte or to the reforring
hospitals. Cther authors have sugpested ther brochlear
impingencnt, not femeral condyle shape, resulis in redue-
tion of the inwereondylar eminenee, 5% W 14

Bor type 5 lractures and for type 2 fractures that do oot
redluce 1o exlension, we perform arthroscopic Teduction
and internal fzation with canoulated 3.5-uw ar 4.8-mmn
epiphyseal screws (Fig. 1) If the eminenre feagment is Lo
small or compunuted for screw fivetion, we wse sulure
lxation, The enteapped anterior horn of the medinl me-
nisens gr mtermeniseal ligament oan be cxtracted by ue-
ing #n grthroscapic probe, We have often found it naeful to
place & temporary suture around the ooeerior horn of the
medial meniscus from the anteromedial portal to reteged, il
during reduction and fixetion {Fig, 2).

In conelusion, woe rewmooend coosiderativo of arthro-
scopie o open eesluelion of Ly pe 3 tbial eoinence fractures
and Lyps 2 Fructures that do not reduce io extension be-
cuuse of relatively common mendscal entrapment prevent
ing anutomic reduction.

II III |

=l

Figure 2. Arthroscop.c photo denvnsirating retraction of the
antenor hom of the madial imeniscas with a lemperary suture
placad through the anteromedial portal after reduction of a
type 2 ibial eminence fraclurs in a 7-yaar-old mala patiant,
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