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Abstract. Tibial eminence avulsion fractures represent intra-articular injuries involving the tibial
insertion of the anterior cruciate ligament and are particularly characteristic of children and
adolescents, although they may also occur in adults after high-energy trauma. Contemporary
management requires assessment of fragment displacement, comminution, soft-tissue interposition,
meniscal injury, skeletal maturity, and residual anterior instability. The modified Meyers—McKeever
classification remains the most widely used radiographic system, while magnetic resonance imaging
provides additional information about meniscal entrapment, chondral damage, associated ligament
injury, and fracture morphology. Type I fractures are usually managed conservatively; type II injuries
remain controversial and require assessment of reduction quality and soft-tissue interposition, whereas
completely displaced type III and comminuted type IV fractures generally require operative fixation.
Arthroscopic reduction and internal fixation enables direct visualization of the fracture bed and
simultaneous treatment of associated intra-articular pathology.

Keywords: anterior cruciate ligament, tibial eminence, tibial spine, avulsion fracture, MRI,
arthroscopy, suture fixation, screw fixation, knee instability.
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AAATHOCTHYECKAS U JIEYEBHASA TAKTUKA ITPA OTPBIBHBIX HEPEJTOMAX
MEKMBIIIEJIKOBOI'O BO3BbIIEHU A BOJIBHIEBEPIIOBON KOCTH B 30HE
HNPUKPEIVIEHUSA NEPEJHEU KPECTOOBPA3HOU CBA3KU: COBPEMEHHBIN

OB30P

AnHoTauusi. OTpbIBHBIE MEPETOMbI MEXMBIIIEIKOBOTO BO3BBILICHUS 0O0JNbIICOEPIIOBON KOCTH
NPEICTaBISIOT CcO00il BHYTPUCYCTaBHBIC TOBPEKACHHUS, 3aTparvBaroniye o0JacTb THOWAIBHOTO
MPUKPETUICHUS TIepeIHel KPecTOOOpa3HOM CBSA3KHU, 1 OCOOCHHO XapaKTEPHBI AJIs AETeH U MOJPOCTKOB,
XOTSI MOTYT BCTPEYAaThCS Wy B3POCIBIX TIOCIE BBICOKOIHEPreTHYecKor TpaBMbl. CoBpeMeHHas
JedeOHas TaKTHKa TpeOyeT OLIEHKH CTETEHU CMEIeHUsI U MHOTOOCKOJIbYATOCTH KOCTHOTO (pparMeHTa,
MHTEPIO3ULIUA MATKUX TKaHEW, MOBPEKIACHU MEHHCKOB, CKEJIIETHOW 3peJIOCTH NaluueHTa Hu
OCTaTOYHOH mepeaHeil HectabunmpbHOCTU. MoaudunupoBanHas kiaccudukamus Meyers—McKeever
ocTaeTcsi HauOoJiee MMUPOKO MPUMEHSIEMONW PEHTTCHOJIOTHYECKON CHCTEMOM, TOT/Ia KaK MarHWTHO-
pe3oHaHCHast ToMorpadusi IPeI0CTaBIAET JOMOTHUTENbHYIO HHPOPMAIUIO 00 YIIEeMIEHUU MEHUCKOB,
MOBPEKJICHUU CYCTaBHOIO XpSAIUa, COMYTCTBYIOIIMX IOBPEKICHUSAX CBA30YHOTO arnmapara u
mopcdonorun mnepenoma. Ilepenombr | Tuma OOBIYHO J€YAaT KOHCEPBATHBHO; TAaKTHUKA IPHU
noBpexacHusX [l Tuma ocraercsi MMCKYCCHOHHOHN U TpeOyeT OIICHKH KauyecTBa PEIO3HMIIMUA M HATMIHS
WHTEPHO3ULNN MSITKUX TKaHEW, TOrJa KakK IIOJHOCThIO cMelleHHble nepenoMbl Il Tuma u
MHOTOOCKOJIbUAThIE TeperoMbl IV THma, Kak mpaBmio, TpeOylOT XHPYpPru4yecKod Qukcamuu.
ApPTpOCKOTIHUECKas PENo3ulusi U BHYTPEHHAS (UKcanus 00eCledyrBaIOT MPSMYI0 BU3YyaIH3aIUI0
30HBI IIEpEIOMa M IIO3BOJISIOT OJHOBPEMEHHO YCTPAaHWUTHh COIYTCTBYIOILYIO BHYTPHCYCTaBHYIO
MaTOJIOTHIO.

KnioueBble cioBa: mepemHss KpecTooOpa3Has CBSI3Ka, MEXMBIIIEIKOBOE BO3BBIIICHHUE
OoutbIIe0epIIOBON KOCTH, THOMAIbHBIA rpeOeHb, oTpbIBHOH nepenom, MPT, aprpockonusi, moBHas
¢dukcanys, BUHTOBas (UKCaNs, HECTaOMIBHOCTD KOJIEHHOTO CYCTaBa.

OJJAMHI'A XOYCUMOH BOWMJIAMHUHI TUBUAJI BUPUKUII COXACHUJIATYA KATTA
BOJIAUP CYATU NYMBOKYAJIAP OPACH BAJTAHUTATH Y3UJINB-CHHULIVIAPAJIA
TAIIXUC BA JABOJIAIII TAKTUKACHU: 3BAMOHABHUU HIAPX

AnnoTtanus. Karra 6onaup cysru nymo6okuanap opacu OaJaHAIUTMHUHT y3WJIHO-CHHUILIAPU
OJIMHTH XOYCHMOH OoOiIaMHMHT THOMA OWPUKWII COXAaCMHM KaMmpald oJlyBUM OYFUM WYH
xKapoxarinapu Oynu0, aifHukca Oonanmap Ba ycMmupriapia Kym ydpaiau, aMMO FOKOPH SHEPTHUsIU
xKapoxarjapJaH KeiUH Karrajgapja XaM Ky3aTWINIIM MyMKUH. 3aMOHaBUM JaBoJjialll TAKTUKACU CYSK
(bparMeHTUHUHT CHJDKUII Japakacd Ba MalJalaHUIINHH, IOMIIOK TYKUMAalap WHTEPIO3UIUSCUHH,
MEHHUCKJIap IIWKACTIAHUIIWHU, OEMOPHUHI CKEJIET eTYKJIWIMHHU Ba KOJIIUK OJAMHIU OEKapOpIMKHU
OaxonamHu Tanad stanu. Meyers—McKeever Moaudukanusuianrad TacHU(PH XaHy3rada SHT KYI
KYJJTAaHWIaUTaH PEHTICHOJIOTUK TH3UM OYynu0 KOJIMOKIA, MarHUT-pe30HaHC ToMmorpadus ica
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MEHUCKJIAPHUHT KUCHINO KOJHINU, OVFUM TOFAaiiM IMUKACTIAHWINY, OOWJIaM aIrmapaTHHHHT XaMpPOX
XKapoxaTiaapu Ba CHHUK MOPQOJIOTUSCH TYFpHUCHA KYIIMMYa MablIyMOT Oepaau. | Typaaru cuHukIap,
oJ1aTna, KOHCEepBaTUB JaBojaHaau; Il Typaaru skapoxariapaa aBojall TAKTUKACH XalM XaM 0axciiu
0ynu6, pernosunusa cudatd Ba IOMIIOK TYKUMajap WHTEPIO3ULMUACHHU Oaxonaml Taigad STHIIaIu.
Tymuk cumxuran III typmarm Ba maitgananran IV Typaarn CUHHKIAp 3ca, OJATaa, >KappPOXJIHUK
dukcanusacuaun Tanad Kwiagu. ApPTPOCKONUK PEMo3UIUs Ba HUYKH (PUKCAIUS CHUHUK COXACHHH
TYFPUIAH-TYFPU KYPHII UMKOHHHU O€paay Xamaa XaMpoX OYFUM WYH MMaTOJOTHSCHHU OUp BaKTHUHT
Vy3una Oaprapad ITHILITA MAPOUT SIpaTaIH.

Kanur cy3aap: onauHrE XO4YCHMMOH OoitaM, KaTTa OONAHp CysSTH AYMOOKYamap opacu
Oamanmyury, THOMan rpebeHb, y3wnuO-cunum, MPT, aptpockonusi, 4okiu Qukcanus, BHHTIU
dukcanus, TH33a OYFUMHU OSKApOPIIHTH.

Relevance. Tibial eminence avulsion fractures are a specific form of anterior cruciate ligament
injury in which the ACL remains attached to a bony fragment separated from the intercondylar
eminence of the tibia. In skeletally immature patients, the incompletely ossified tibial insertion may
fail before the ligament itself, explaining why this fracture pattern is more typical of children and
adolescents than midsubstance ACL rupture. The reported incidence in children is approximately 3 per
100,000 per year, with the highest frequency between 8 and 14 years of age. Sports trauma, bicycle
accidents, falls, sudden hyperextension, and rotational mechanisms are among the common causes.

The clinical importance of these fractures extends beyond bony union. The displaced fragment
carries the tibial insertion of the ACL; therefore, incomplete reduction may alter ligament length and
orientation even after fracture healing. Residual anterior laxity, loss of extension, arthrofibrosis,
nonunion, and associated meniscal pathology may affect the final functional result.

Objective. To analyze contemporary concepts of diagnosis, classification, conservative
management, and surgical treatment of tibial eminence avulsion fractures involving the tibial
attachment of the anterior cruciate ligament.

Materials and Methods. An analytical literature review was performed with emphasis on
contemporary systematic reviews, meta-analyses, clinical series, and technical studies addressing tibial
eminence fractures. Particular attention was given to fracture classification, radiography, CT and MRI
assessment, associated intra-articular injuries, indications for surgery, arthroscopic reduction, screw
and suture fixation, complications, and recent all-suture and cortical suspensory techniques.

Results. Clinical examination frequently reveals acute knee pain, rapid joint swelling or
hemarthrosis, inability to bear weight, restricted range of motion, and tenderness around the proximal
tibia. Assessment of ACL stability immediately after trauma may be difficult because pain, muscle
guarding, and hemarthrosis can limit Lachman and anterior drawer testing. A careful neurovascular
examination remains necessary, particularly after high-energy mechanisms.

Conventional anteroposterior and lateral radiographs are the first imaging studies. The lateral
view is especially important for evaluation of anterior elevation and rotation of the avulsed fragment.
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Small osteochondral fragments or complex fracture lines, however, may be underestimated on plain
radiographs. CT is useful when the fragment is small, comminuted, extends into the tibial plateau, or
requires detailed preoperative evaluation.

The modified Meyers—McKeever classification remains central to therapeutic decision-making.
Type I fractures are nondisplaced or minimally displaced, generally less than 3 mm. Type II injuries
demonstrate elevation of the anterior part of the fragment with preservation of a posterior bony hinge.
Type III fractures are completely displaced and may be subclassified according to fragment rotation.
Type 1V, introduced by Zaricznyj, includes displaced comminuted fractures. More recent MRI-based
systems attempt to quantify displacement and integrate associated soft-tissue pathology into
classification.

MRI has an important role that differs from CT. CT describes osseous morphology more
precisely, whereas MRI evaluates the ACL substance, menisci, articular cartilage, collateral and other
cruciate ligaments, bone bruising, and soft tissues located beneath the avulsed fragment. A systematic
review of 26 studies on skeletally immature patients reported meniscal tears in 18.1% and meniscal or
intermeniscal ligament entrapment in 20.1% of tibial eminence fractures. These findings support
active assessment for associated intra-articular pathology rather than treating the injury as an isolated
bone fracture [1].

Soft-tissue interposition is particularly relevant in type II injuries. The anterior horn of the
medial meniscus, lateral meniscus, or transverse intermeniscal ligament may become trapped beneath
the elevated fragment and prevent satisfactory closed reduction. Consequently, persistent displacement
after attempted reduction should not automatically be interpreted as simple mechanical instability of
the bony fragment; an anatomical block may be present.

Nonoperative treatment remains accepted for type I injuries. Immobilization in a cast or brace is
used after confirmation of acceptable alignment, followed by radiographic monitoring and progressive
rehabilitation. The optimal position and duration of immobilization vary between protocols, but the
general objective is to maintain reduction while avoiding prolonged stiffness.

Type II fractures represent the main therapeutic gray zone. Closed reduction may be attempted,
particularly when displacement is limited and the posterior hinge remains intact. Persistent
displacement, redisplacement during follow-up, soft-tissue entrapment, inability to restore full
extension, or significant residual laxity shifts the decision toward surgical management. Contemporary
reviews emphasize that the distinction between type I and type II may itself be difficult on plain
radiographs and that MRI is particularly useful when conservative treatment is being considered.

Types III and IV usually require operative reduction because complete displacement or
comminution makes stable anatomical healing without fixation less predictable. Historical open
reduction remains an effective method, but arthroscopic reduction and internal fixation has
increasingly become the preferred strategy because it combines minimally invasive access with direct
visualization of the joint.

The main advantage of arthroscopy is not merely the smaller incision. Arthroscopy permits
evacuation of hemarthrosis, assessment of the ACL substance, identification of meniscal or ligament
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entrapment, removal of interposed tissue, visualization of the entire fracture bed, controlled reduction,
and simultaneous management of associated intra-articular injuries.

A 2024 systematic review and meta-analysis including 48 studies and 1,367 patients compared
surgical approaches and fixation methods. Arthroscopic fixation produced better knee stability
according to anterior drawer and Lachman testing than open fixation, although differences in Lysholm,
IKDC, Tegner scores and return to sport were not significant. The same analysis found improved
stability and several functional outcomes after suture fixation compared with screw fixation [2].

Screw fixation remains technically attractive because it provides direct compression across a
sufficiently large bony fragment and may reduce operative time. The method is most suitable when the
avulsed fragment is large, structurally intact, and capable of safely accepting a screw. Limitations
include fragment splitting, prominence of intra-articular hardware, potential physeal injury in
immature patients, and the possibility of later hardware removal.

Suture fixation distributes fixation forces over a larger ligament—bone complex and does not
require insertion of a rigid implant through a small or fragmented bony piece. Sutures may be passed
through the ACL near its tibial attachment, through the bony fragment, or around the ligament—
fragment complex and subsequently secured through transtibial tunnels, anchors, or cortical fixation
devices.

The 2025 meta-analysis by Manaf et al. included 9 studies and 412 patients. No significant
differences were demonstrated between screw and suture fixation in Lysholm, Tegner, IKDC scores,
range of motion, Lachman, pivot-shift, KT-1000 measurements, or fracture union time. Screw fixation,
however, was associated with a substantially higher rate of subsequent surgery: 29.75% compared
with 11.6% after suture fixation. Screw fixation also had more complications but required less
operative time, approximately 67 versus 85 minutes [3].

Evidence in skeletally immature patients supports the same tendency. A pediatric meta-analysis
involving 224 patients found that suture fixation was associated with lower reoperation rates
(OR=0.22; 95% CI 0.12-0.42) and markedly lower hardware removal (OR=0.08), while postoperative
instability, surgically treated arthrofibrosis, and recovery of full range of motion did not significantly
differ between fixation methods [4].

The reduction in hardware removal is clinically relevant. A technically successful fixation
should ideally not create the need for a second operation solely because of implant prominence or
irritation. This consideration becomes particularly important in children and adolescents, where
another anesthetic procedure and repeated intervention around the proximal tibial physis are
undesirable.

Modern fixation technology continues to evolve beyond the conventional screw-versus-suture
comparison. Re-tensionable all-suture constructs combine multiple looped stitches with cortical
suspensory fixation, allowing the surgeon to restore tension after initial cyclic loading and to avoid
placement of a large rigid implant within the avulsed fragment [5].
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Dual transtibial tunnel techniques provide another solution. Sutures passed through different
areas of the ACL—fragment complex permit multidirectional compression and better control of
fragment rotation. Cortical buttons on the anteromedial tibial cortex can maintain tension outside the
joint and are particularly useful when the fragment is too small or comminuted for screw fixation [6].

The choice of fixation should therefore be based on fracture morphology rather than surgeon
preference alone. A large single fragment in a skeletally mature patient may be appropriately treated
with a screw. A thin, comminuted, or small fragment may be better suited to transosseous suture
fixation. Physeal-sparing techniques deserve particular consideration in immature patients.

Complications remain clinically important regardless of fixation technique. Arthrofibrosis is
among the most frequently reported problems after tibial eminence fracture treatment. Delayed
surgery, prolonged immobilization, severe initial injury, and delayed restoration of knee motion have
all been discussed as potential contributors. Stable fixation should therefore permit controlled early
rehabilitation without loss of reduction.

Residual ACL laxity represents another specific problem. The ACL itself may undergo
elongation at the time of injury, and perfect osseous union does not invariably guarantee normal
ligament tension. Postoperative assessment should therefore include both radiographic union and
functional stability using clinical examination and, when indicated, instrumented laxity measurements.

Associated meniscal injury must also be incorporated into the treatment algorithm. In a
systematic review, meniscal tears were found in approximately one fifth of pediatric tibial eminence
fractures, while entrapment of the meniscus or intermeniscal ligament was also common [1].
Arthroscopy has a particular advantage in such cases because diagnosis and treatment can be
performed during the same procedure.

Age influences both mechanism and associated injury pattern. Pediatric injuries more commonly
produce bony avulsion because the developing tibial eminence represents the structurally weaker
component of the ACL complex. In adults, the same fracture pattern can result from greater-energy
trauma and may be accompanied by additional ligamentous or meniscal injuries; MRI therefore
becomes particularly useful for defining the full extent of the lesion.

The contemporary management concept is consequently shifting from a simple fracture-type
algorithm toward individualized decision-making. Classification remains necessary, but displacement
alone is insufficient. Fragment size, comminution, ACL integrity, meniscal entrapment, skeletal
maturity, associated cartilage injury, ability to obtain closed reduction, and risk of postoperative
stiffness all influence treatment.

Conclusion. Tibial eminence avulsion fractures should be regarded as combined
osteoligamentous injuries rather than isolated fractures of the proximal tibia. Accurate treatment
requires restoration of the bony anatomy and functional tension of the anterior cruciate ligament.

Plain radiography remains the first-line diagnostic method, CT improves characterization of
complex osseous morphology, and MRI provides essential information regarding the ACL, menisci,
cartilage, soft-tissue entrapment, and associated ligamentous injury. The need for MRI is especially
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strong when nonoperative management is contemplated or when associated intra-articular injury is
suspected.

Type 1 fractures are generally suitable for conservative treatment. Type II injuries require
individualized assessment of displacement and reducibility, whereas types III and IV usually require
operative fixation. Arthroscopy offers direct control of reduction and enables simultaneous treatment
of associated pathology.

Current comparative evidence demonstrates good functional results with both screws and sutures.
Suture fixation has particular advantages in small or comminuted fragments and is associated with
fewer hardware-related secondary procedures. New all-suture and cortical suspensory systems further
support a transition toward stable, low-profile, and patient-specific fixation.
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