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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 1875,1 are a major intra-articular injury
in the paediatric knee2 and considered equivalent to
tears of the anterior cruciate ligament (ACL) in
adults.3

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,4,5 is a
trauma forcing the knee in hyperextension com-
bined with valgus-external rotation.6 At times, these
lesions can occur in adults; in this instance, the
main cause is high-energy trauma, such as road
accidents.7–9 This specific etiology explains the
higher incidence of associated lesions to the menisci
or capsulo-ligamentous structures in adults.1,10,11

The most common classification for these frac-
tures was developed by Meyers and Mc Keever,12

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 IIIA, 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.13

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
tibial spine fractures14,15 and surgical treatment for
Type II, if reduction is not anatomical,14,16 and
Type III and IV fractures.17,18 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.9,19,20

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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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 retrospective20–32 and 11
prospective.7,33–42 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,21 cannulated
screws,20,21,23,24,27,31 a Meniscus Arrow device,33

pull-out sutures,7,22 suture with anchores,34,37 metallic
suture,35 transosseous sutures,24,27–31,38,39,42 intra-
articular button,32 bioabsorbable nail,36 Herbert
screw,40 Tight-rope fixation,26 rotator cuff guide

(RCG) device/suture or the RCG device/T-Fix
(Acufex) methods,25 and Meniscal Viper Repair
System (Arthrex, Naples, FL)41 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),7,20,22–24,27,30,32,34,36,38–41

the Hospital for Special Surgery (HSS) knee
score,22 the International Knee Documentation
Committee (IKDC),7,24,26,27,29,32,34,37,38 Marshal,20,39

Tegner7,20,24,27 and VAS scores.38

Rehabilitation protocol

Different rehabilitation protocols were used
(Table 2). The length of immobilization and weight-
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.

Studies retrived for more detailed
evaluation (n = 35)

Studies excluded as not relevant
because reviews, anatomical studies,
animal studies, biomechanical studies
and cadaveric studies

Studies identified as potentially
relevant and screened for retrieval
(n = 156)

Studies excluded from analysis
because case report, technical note,
different type of treatment

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

Fig. 1 Study flow chart.
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Study population

The total number of patients was 384 (235 males
and 142 females). Two studies21,39 did not report
gender. Fifteen studies20,21,23–25,28–34,36,38,40 had an
average age of less than 18 years (skeletally imma-
ture patients) while 9 studies7,22,26,27,35,37,39,41,42

reported data about adult patients.
Using Meyers and McKeever classification, 104

Type II, 202 Type III and 31 Type IV lesions were
reported. One study33 did not describe the types of
lesion.

Clinical outcomes

The clinical results overall were excellent.
Regarding ROM, 263 patients achieved complete
ROM (100%), and 7 patients achieved a nearly
normal ROM.23,34 Eighteen patients exhibited a
flexion deficit (5–10°),7,25,27,36,41 and an extension
deficit was found in 21 patients.25,27,29,36,41 Three
patients had severe difficulties regaining complete
ROM.26

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
Lachman + was found in 36 patients,20–24,26,28,29,33,
35,36,38,40 a Lachman 2+ in 3 patients.20,24 Anterior
knee laxity measured with ADS and KT-1000 was
found in 31 patients.20,22,23,26–28,33,35,36,40 Pivot shift
test when used as a rotational instability test was
found + in 4 patients.20,27 Details from the included
articles are provided in Table 2.

Radiographic evaluation

In 16 publications7,24–27,29,30,32–35,37,39–42 there
was a 100% bone union, an acceptable reduction
was achieved in two patients (2/7) treated with
ARIF in one study,28 and a mild superior displace-
ment of the anterior end of the fracture fragment
was found in patients treated with FiberWire® or
Orthocord® suture fixation38 and in three (3/16)
patients treated with bioabsorbable nails.36 In four
patients with a Type III lesion treated with cannu-
lated screw an improper reduction was achieved.23

One study used Kirschner wires or cannulatedT
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screws; it evidenced a slight dislocation without
impingment21 in five patients (28%) treated with
different techniques, and a 2–5mm gap.24

Complications

Different complications occurred: 1 patient refrac-
tured,33 a limb leg discrepancy of 1 cm (with the
affected leg longer) was reported in 2 patients,22 led-
ging (shelf-like projection of bone due to improper
reduction) in 4 patients,23 partial ACL lesion in 3
patients, recurrent swelling after sport in 1 patients,35

and arthrofibrosis in 19 patients.24,26,29,30 In one
patient, conversion to open surgery was necessary
for technical problem36; there was one case of super-
ficial wound infection,38 an incipient arthritis 5 years
after primary treatment,40 one joint stiffness at 3
months after surgery,27 and degenerative arthrosis in
two patients.28

Discussion

Surgical treatment is indicated for Type II fractures,
when attempt at the reduction has failed, and for
Type III and IV fractures.8,9,22–24,33,34,37

Different surgical options have been proposed,
including open reduction and internal fixation
(ORIF),14,17,43 arthroscopic reduction and immo-
bilization, and ARIF.8,9,22–24,33,34,37 Open 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.9,19,20 Among associated
injuries, tears to the anterior root of both menisci
and interstitial tears of the ACL may frequently
occur.9,19,20 Meniscal tears may be repaired
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.9,19,20

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.44

Methods of arthroscopic fixation of these frac-
tures include Kirschner wires,21,44 staples,45 absorb-
able nails,33,36 metallic screws,21,23,45 fixation with
non-absorbable sutures1,9,22,24,46 or metallic wire,35

reinsertion of the fragment with a metallic34 or
absorbable37 anchor-screw. Screws and suture fixa-
tion are currently the most used and reliable surgical
techniques reported in the literature.1,9,21–24,45,46

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.47

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.48

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.3

Screw fixation is controindicated in case of small size
or comminution of the fragment, and thus its insertion
can lead to further displacement.5,12,22
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Different devices, such as Tightrope,26 meniscal
viper repair system,41 RCG,25 Meniscus arrows or
ACL–aiming device33 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.13 Matthews and Geisseler42

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.7 reported 36 patients (average age:
37, range 17–73) with Type II, III 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 III and one Type IV) showed a significant flex-
ion deficit of 16–25°.

Ahn and Yoo22 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 >5mm 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.35 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 > 3mm,
without symptomatic instability).

Using absorbable suture fixation, Verdano
et al.39 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.27

However, ARIF with sutures requires a longer
immobilization and partial weight-bearing, resulting
in a higher risk of joint stiffness and arthrofibrosis.35

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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