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The introduction of new internal fixation devices and arthroscopic techniques has
led to significant changes in the surgical treatment of tibial eminence fractures
(TEFs) in children. In recent years, arthroscopic surgery has arisen as the gold
standard for the treatment of TEFs. This popularity of arthroscopic techniques
has reduced surgical complications and improved patient prognosis. In this
paper, we investigate the current situation of the use of arthroscopic fixation
techniques for pediatric TEFs. We searched the PubMed database using the
terms “arthroscopic treatment and tibial eminence,” “arthroscopic treatment
and tibial spine,” “tibial eminence avulsion”, “tibial spine fracture”, with no limit
on the year of publication. From these articles, we reviewed the use of various
arthroscopic TEFs fixation techniques reported in the current literature. Overall,
we found that the choice of fixation method seems to have no effect on
clinical outcomes or imaging results. However, if an easy, strong fixation that is
less prone to epiphyseal damage is desired, as a junior practitioner, the anchor
technique should be mastered first, whereas for senior practitioners, a variety
of fixation techniques for TEFs should be mastered, including anchors, sutures,
and screws, so that personalized fixation can be achieved with the least
amount of trauma, operative time, and complications. Higher quality studies
are needed in the future to provide Useful evidence to determine the optimal
fixation technique in terms of clinical outcomes, function, and complications.
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1 Introduction

Tibial eminence fractures (TEFs), a serious intra-articular injury of the knee joint in

children equivalent to the rupture of anterior cruciate ligament (ACL) in adults, was

first described by Poncet in 1875 (1). This injury commonly occurs during a fall from a

bicycle or during a knee hyperextension with valgus external rotation maneuver during

sports activities, and results in fractures of the intercondylar spine of the tibia that are

not fully ossified. These injuries are most prevalent in boys aged 8–14 years old (2–4).

In rare cases, TEFs may also occur as a result of direct trauma or hyperextension of the

knee (5). In 1959, Meyers and McKeever were the first to propose the typing of TEFs,

with their classification still widely used today (6). Type I lesions are undisplaced or

minimally displaced fractures involving the anterior margin of the spine; Type II

fractures present with a superior displacement of the anterior part of the fragment, with

the posterior portion still attached to the rest of the proximal tibia (termed the “bird’s
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beak” pattern); in Type III lesions the fragment is completely

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 (7). In addition, the

Type IV (Figure 1) refers to the displacement and comminution of

fracture fragments (8). Of these different types, type I fractures can

be treated with closed reduction by hyperextension of the knee,

whereas type II or type III fractures, for which closed reduction

fails, require surgical treatment. Recently, Green et al. (9) introduced

a new MRI-based classification, which evaluates fractures

quantitatively based on the degree of fragment displacement and

tissue involvement. This system was shown to help surgeons to

make clinical decisions. Arthroscopic techniques are gradually

becoming the gold standard for the surgical treatment of TEFs due

to the higher post-operative pain, soft-tissue damage, and delay in

rehabilitation of the open surgery. Besides, arthroscopy has several

advantages, including that it allows for direct visualization of intra-

articular injuries, the ability to accurately reduct the fracture

fragments, and the simultaneous management of other concomitant

intra-articular injuries (10).

We searched the PubMed database using the terms

“arthroscopic treatment and tibial eminence,” “arthroscopic

treatment and tibial spine,” “tibial eminence avulsion”, “tibial

spine fracture”, with no limit on the year of publication. From

these articles, we reviewed the use of various arthroscopic TEFs

fixation techniques reported in the current literature.

Currently, there are no high-quality prospective randomized

controlled trials to indicate the optimal fixation technique for TEFs.

As such, in this study, we reviewed arthroscopic techniques and

fixation methods for TEFs in children and adolescents with the aim

of informing surgeons on the optimal treatment modality.
2 Kirschner wires

Arthroscopic Kirschner wire fixation of TEFs is relatively

poorly documented, with only one article in German. In this
FIGURE 1

The classification of TEFs (Dr. Wei Dai redrew the picture.).
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article, the authors arthroscopically reduct the fracture fragments,

followed by fixation with Kirschner wire or cannulated screw; all

19 minor patients regained normal range of motion without pain

or epiphyseal injury. However, three patients experienced residual

mild instability compared to the healthy side, but with no

secondary cartilage or meniscus injury; one patient had a

malunion of fracture (shifting up about 2 mm), but with no

intercondylar notch impingement or impaired knee extension

(11). The paper did not give the number of cases or results of

fixation with Kirschner wires alone. Although the smooth surface

and smaller diameter of Kirschner wire made it possible to avoid

epiphyseal injury, the disadvantages of backing out of the pins,

instable fixation, intercondylar notch impingement, and

interference to MRI have prevented later authors from choosing

this method.
3 Cannulated screws

Cannulated screws are the classic method of fracture fixation.

Their use in the arthroscopic fixation of TEFs was first reported

in 2002, by Reynders et al. (12); instead of passing through the

center of the fracture fragments, the cannulated screws were

drilled through the anterior edge of the fractures, and the screw

tails and the washer were utilized to hold down the fragments.

This resulted in instable fixation, loosening of the fragments

(81.25%, 13/16), and susceptibility to knee extension deficits

(25%, 4/16). With the advancement of arthroscopic techniques,

an increasing number of surgeons have begun to use cannulated

screws to penetrate the fracture fragments for arthroscopic

fixation, and although there is still some laxity in the joint or

intercondylar notch impingement post-operatively, most of the

patients still regained a reasonable level of knee function (13–17).

In addition, in 2018, Shin et al. (18) found that in their 27

patients who underwent screw fixation, the affected limb was on

average 6.2 mm longer than the healthy side postoperatively. In

conclusion, the biomechanics of cannulated screw fixation of

TEFs are excellent, however, the screw may cause fragmentation

of the fractures, popliteal neurovascular injury, and intercondylar

notch impingement, ultimately resulting in the need for a second

surgery to remove the internal fixation in some patients.
4 Pull-out sutures

Sutures with bone tunnel fixation was introduced as a method

to overcome the complications of other techniques, including the

intercondylar notch impingement or the interference to MRI. In

2005, Ahn et al. (19) reported a cohort of 14 cases of TEFs, all

of which were fixed with sutures through the bone tunnels. All

patients achieved complete healing of the fracture and a normal

range of motion, and one case showed mild laxity (2 mm

anterior shift on the KT-2000 test). In this study, two in five

adolescents were found to have an affected limb that was 10 mm

longer than the healthy side at final follow-up. Because pull-out

sutures are easier, many other authors have taken this approach
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and obtained good results, with some authors knotting the sutures

pulled out of the tibial tunnel at the tunnel opening outside the

joint (20, 21), or fixing them outside the joint with partially

threaded cancellous bone screws (6.5 mm) (22), or by knotting

the suture after passing it through a 3-hole titanium plate (23).

In general, the more sutures with tibial tunnels, the better the

fracture reduction, particularly in those fragmented fractures.

However, in children and adolescents with immature epiphysis,

more tunnels are more prone to epiphyseal injury; hence, two to

three small tunnels are more appropriate.
5 Metallic suture

Osti et al. (24) first reported an arthroscopic technique in

which the tibial tunnel was passed with a metallic suture and

then fixed to the distal tibia with a cortical bone screw. All 10

patients in their cohort achieved fracture healing at six to eight

weeks postoperatively and returned to sports at six to nine

months postoperatively. Overall, the prognosis was excellent/good

and fair/poor in 80% and 20% of patients, respectively. However,

the patients in this study were 17–41 years old, and therefore, it

is speculated that these are all cases of mature epiphysis. Thus,

whether this technique can be used in children and adolescents

with unclosed epiphyses remains unclear.
6 Meniscus arrows

Meniscus Arrows is an absorbable material, which can be

considered as the smallest absorbable screw in diameter

(1.1 mm); it has a resistance to pullout force of 68 N for single

one and a pullout force of 122 N for three pieces (25). This

material was used for the fixation of TEFs in one study, which

found that the fractures of all 12 children healed successfully

without displacement or limitation of joint motion, allowing

return to sports (26).
7 Anchors

The anchor technique has been extensively used and

continuously improved in shoulder injuries such as glenoid labral

tears and rotator cuff tears, and eventually becoming the

standard fixation technique for shoulder arthroscopy with

increasing application in other areas of orthopedics. The different

types of anchor technique include single-row fixation and the

double-row suture bridge. In 2008, In et al. (27) were the first to

use four absorbable anchors for arthroscopic fixation of TEFs in

patients with comminuted fractures and immature epiphysis with

favorable results. In the same year, Vega et al. (28) adopted a

similar technique for fixation of TEFs (6 adolescents, 1 adult),

with the important difference that Vega et al. used only one

metal anchor. In this study, the anterior drawer test, Lachaman

test, and pivot shift were negative, the mean distance of anterior

tibial shift was 2 mm (range 1–3 mm), and all the patients
Frontiers in Pediatrics 03
returned to the pre-injury level of sport at the final follow-up. In

2012, Mann et al. (29) pioneered the introduction of the double-

row suture bridge to the treatment of TEFs, which was first used

for larger rotator cuff tears and later for the treatment of

avulsion fractures of the greater tuberosity of the humerus. The

authors concluded that this technique is suitable for all types of

TEFs, and is able to apply uniform planar compression to the

avulsed fracture fragments rather than the point compression

fixation from a single row of anchor, thereby promoting fracture

healing and preventing fragmentation. Although Mann et al. did

not state whether their case was adolescents or not, this

technique was quickly recognized and widely accepted, with

several variations of the procedure ultimately being derived

(30–34). Overall, due to the increasing popularity of arthroscopic

manipulation techniques, the fact that anchor technique results

in little damage to the epiphysis and fixation is very stable, it has

gained popularity in recent years, showing the potential to

become a mainstream surgery in the future.
8 Comparison of different fixation
techniques

8.1 Biomechanical comparison

Several prior studies in animal models have been conducted to

compare the different arthroscopic techniques used to treat TEFs.

In one study, Sawyer et al. (35) randomly divided the fractured

knees of 24 young pigs into three treatment groups: the suture

group, the cannulated screw group, and the PushLock anchor

group. After the manipulation, all specimens were subjected to

two stages of biomechanical testing: cyclic dynamic testing and

the ultimate tensile load test. The results showed no statistically

significant difference between the results of the cyclic dynamic

testing between the three groups (P = 0.412). For the ultimate

load test, there was no difference between the screw (183 ±

82.5 N, P = 0.007) and suture groups (199 ± 55.8 N, P = 0.017);

however, the PushLock group (340 ± 117 N) was subjected to

significantly higher mean ultimate failure loads. Therefore, the

authors concluded that this suture bridge provided better results

in terms of ultimate failure loads compared with the cannulated

screw group and suture fixation, and that this technique

therefore deserves clinical promotion.

In another study, Hapa et al. (36) divided 49 adult sheep knees

equally into seven groups: group 1 (No. 2 FiberWire suture), group

2 (No. 2 UltraBraid suture), group 3 (No. 2 MaxBraid suture),

group 4 (No. 2 Hi-Fi suture), group 5 (No. 2 OrthoCord suture),

group 6 (titanium anchor), and Group 7 (EndoButton + No. 2

FiberWire); the specimens were then subjected to cyclic dynamic

testing and the ultimate tensile load test. The results of this

analysis revealed that after the initial 100 cycles of testing, Group

7 had the smallest displacement of (1.8 ± 1.2) mm, which was

statistically significant. However, when a comparison was made

after 100 cycles, there was no statistical difference among the

seven groups. In this study, the authors defined failure of the

ultimate tensile load test as three conditions: suture rupture,
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suture cutting into the bone, and ACL rupture, of which the most

frequent in the seven groups was suture rupture, with the highest

ultimate tensile load in group 7. Therefore, the authors concluded

that fixation of TEFs with the EndoButton can achieve greater

initial fixation strength than suture anchors or various high-

strength sutures. However, it is worth noting that the only one of

ACL rupture occurred in the EndoButton group, which would

make revision surgery more difficult in real world scenarios. This

is because, in the case of suture rupture or suture cutting through

the bone, revision surgery with other internal fixation techniques

are strong enough for chronic TEFs; whereas, in the case of

ligament rupture, it must undergo anterior cruciate ligament

reconstruction with greater damage and slower rehabilitation.

In a cadaveric study, Li et al. (37) divided the knee joints of 24

adult cadavers equally into four groups: group A (screws), group B

(traditional FiberWire suture), group C (FiberWire neckwear knots

technique), and group D (suture bridge); the specimens were then

subjected to cyclic dynamic testing (100 N, 500 cycles) and the

single tensile failure test. All four groups passed the cyclic

dynamic test, with group C having the highest ultimate tensile

load (P < 0.05) and group D having the smallest displacement

distance (P < 0.05). In conclusion, the authors noted that both

the neckwear knots technique and the suture bridge technique

showed superior biomechanical properties, with the former

having the highest ultimate tensile load and the latter having the

smallest displacement after undergoing cyclic loading, indicating

it could be a good choice for the treatment of TEFs.

However, the above study specimens were not representative of

the characteristics of children’s skeleton, Johnstone et al. (38)

matched the age and side of 12 knees from 6 children’s cadavers,

and divided them into a double screw group and the suture

group, in which the double screw group was fixed with two

4 mm× 35 mm partially threaded cannulated screws, and the

suture group was fixed with two No. 2 FiberWire sutures through

the anterior 1/3 and posterior 1/3 of the cruciate ligament, and

then pulled through the bone tunnels on the medial and lateral

side of the fracture fragment to be knotted and fixed outside the

joint. Overall, this study found no major differences in ultimate

loads between the two groups; although the double screw group

showed increased ligament stiffness and decreased stretch

compared to those in the suture group, these differences did not

reach significance. The authors concluded that the screw and

suture techniques have similar biomechanical properties in the

treatment of TEFs. In addition, the pediatric TEFs model had

lower ultimate loads, and was more prone to failure than the adult

cadaveric and porcine bone specimens used in previous studies.

Unfortunately, due to the limited number of pediatric cadaveric

specimens, the authors did not test the single-row fixation or

double-row suture bridge technique, which have been widely

recognized as useful in greater tuberosity fractures of the shoulder.
8.2 Comparison of clinical studies

Callanan et al. (39) reviewed the outcomes of 68 children with

TEFs, classified as Meyer & McKeever type II or III, followed up for
Frontiers in Pediatrics 04
at least 12 months. There were 33 cases in the suture group and

35 cases in the screw group, with no inter-group differences in

the seven items of postsurgical arthrofibrosis, ACL

reconstruction, meniscal procedures, instability, range of

motion, return to sport, or time to return to sport. Although

the fracture fragments were found to be elevated a significantly

greater distance on postoperative imaging in the suture group

(5.4 vs. 3.5 mm; P = 0.005), this did not affect prognosis. In

addition, the screw group had a higher incidence of

reoperations (13 vs. 23; P = 0.03), with a reoperation rate

nearly three times higher than that of the suture group (OR:

2.9; P = 0.03). The authors conclude that the clinical outcomes

of both suture and screw fixation techniques are basically the

same, and that postoperative elevation of the fracture

fragments does not affect the surgical outcome. Overall, the

authors supported the use of suture fixation, especially in the

case of comminuted fracture fragments, given the greater

likelihood of a second surgery (planned or unplanned) after

screw fixation and the avoidance of postoperative MRI artifacts.

In 2022, Jain et al. (40) published a prospective adult-based

randomized controlled trial in which the authors concluded that

suture transosseous tunnel fixation was superior to screw fixation

in the treatment of TEFs, with better clinical and functional

outcomes and a lower chance of secondary surgery.
8.3 Systematic evaluations

Several systematic evaluations investigating the optimal

arthroscopic technique for TEFs have also been published. In

2016, Osti et al. (41) published a systematic evaluation in which

the authors included 24 articles, not strictly limited to

adolescents, after an extensive search of the literature in Italian

and English, including 13 retrospective and 11 prospective

studies. The authors concluded that the arthroscopic technique

was superior to the open technique, achieving reductions in the

incidence of postoperative pain and infection, in addition to

shortening the length of hospital stay. Analysis of the clinical

and imaging findings revealed no difference between the various

fixation methods available at the time, and the authors

recommended that surgeons choose the appropriate fixation

technique based on their own experience.

In 2022, Chang et al. (42) performed a meta-analysis of studies

investigating screw vs. suture fixation; after an extensive search of

the English language literature, the authors included only five

retrospective cohort studies (level 3 evidence), not strictly limited

to adolescents. The results showed that there was no significant

difference in clinical outcome scores between screw and suture

fixation, but there was a higher risk of requiring a second

operation due to complications after screw fixation (RR: 2.33)

and the need to remove the internal fixation (RR 8.52), especially

when used in children with a non-closed epiphysis.

Unlike previous researchers, in 2023, Limone et al. (5)

systematically evaluated 12 articles exclusively on TEFs in

children and adolescents (age <16 years) after an extensive search

of the English language literature. They included predominantly
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retrospective studies comprising a total of 381 knees, in patients

(222 males and 142 females) with a mean age of 12.1 years, and

a mean follow-up of 45.7 months. The article focused on

comparing screw fixation with suture fixation; however, due to

heterogeneity between studies, articles on the two types of

fixation were not comparable in terms of follow-up time, age,

trauma etiology, and time of injury (P < 0.01). The results

showed that the suture fixation technique was superior to screw

fixation in terms of Tegner, IKDC, and Lysholm scores

(P < 0.001), and that the need for a second surgery to remove the

internal fixation was lower (P < 0.001), but there was a higher

chance of developing arthrofibrosis postoperatively (P < 0.05).

Unfortunately, the above literature did not provide a clear

answer regarding which fixation technique has the best

efficacy, but we can consider it in the context of knee fibrosis,

which is the most common postoperative complication (5).

The Tibial Spine Research Interest Group showed that the risk

factors for arthrofibrosis include prolonged braking time after

surgery, combined ACL injury, age younger than 10 years,

more severe injury, delayed time from injury to surgery, and

screw fixation (compared to suture fixation) (43). Therefore,

the optimal approach should be easy, strong, and less prone to

epiphyseal damage technique, which would reduce operative

time and immobilization time, or even eliminate the need for

immobilization postoperatively. Considering this aspect,
TABLE 1 The advantages and disadvantages of these six techniques.

Advantages Disadvantages
Kirschner
wires

Avoid epiphyseal injury. Backing out of the pins.
Instable fixation.
Intercondylar notch
impingement.
Interference to MRI.

Cannulated
screws

Easy to learn.
Good biomechanics performance.

Causing fragmentation of the
fractures.
Popliteal neurovascular injury.
Intercondylar notch
impingement.
Interference to MRI.
A higher incidence of
reoperations.

Pull-out
sutures

Overcoming the intercondylar
notch impingement or the
interference to MRI.
Good biomechanics performance.

More tibial tunnels are more
prone to epiphyseal injury.
A higher chance of developing
arthrofibrosis postoperatively.

Metallic
suture

It is not yet clear whether this
technology can be used for
children and adolescents with
unclosed epiphyses.

Meniscus
Arrows

Absorbable internal fixation with
the smallest diameter.
Good biomechanics performance.

Causing fragmentation of the
fractures.
Intercondylar notch
impingement.

Anchors Little damage to the epiphysis.
Stable fixation and good
biomechanics performance.
A very mature arthroscopic
technique.
The planar compression to the
fractures which can promote the
healing and prevent
fragmentation.

There is a learning curve.
Relatively expensive.
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together with the previous biomechanical analysis, it is

reasonable to assume that the double-row suture bridge is a

sufficiently secure and easy to perform technique that is

essentially free of epiphyseal damage and deserves to be

emphasized, as has been demonstrated in arthroscopic surgery

of the shoulder joint (44).
9 Conclusion

The development of arthroscopic techniques and new types

of fixation has led to a significant number of innovations in the

surgical treatment of TEFs in children and adolescents, and due

to the paucity of high-quality, prospective, randomized

controlled studies, it is not possible to specify which fixation

technique has the best efficacy. The advantages and

disadvantages of these six techniques were in Table 1. Overall,

anchor fixation can be applied to all types of fractures and is

not prone to metaphyseal injury; for type II fractures, a single

row of anchors is enough, whereas for type III fractures with

significant displacement, the presence of entrapment, or where

the posterior hinge has broken, the double-row of anchors

should be used in the suture bridge technique. Conversely, in

cases where the fracture fragment is large and thick and the

epiphysis is almost mature, cannulated screws may be a

easier option. Therefore, we recommend that junior doctors

should initially focus on mastering the anchor technique,

while senior doctors should gain experience with a variety of

TEFs fixation techniques, including anchors, sutures, and

screws, in order to achieve personalized fixation with

minimal trauma, shortest operative time, and the lowest rate

of complications.
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