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ABSTRACT - Tibial spine fractures, common among children and adolescents, involve the avulsion of the
anterior cruciate ligament at its tibial insertion. Trauma is often the result of injuries occurring during high-in-
tensity sports. Nondisplaced fractures can be treated conservatively, but more severe cases require surgical
intervention to avoid long-term complications. Arthroscopic Reduction and Internal Fixation (ARIF) has gained
favor due to its minimally invasive nature and the possibility of addressing associated soft tissue injuries.

This paper provides accurate information on the management of tibial spine avulsion fractures, including
a detailed description of our ARIF technique, and its potential advantages and disadvantages over the open
reduction internal fixation (ORIF) technique; postoperative outcomes are also discussed, and clinical cases de-
rived from the authors’ experience are presented.

ARIF for tibial spine avulsion fractures, using a standardized approach with tailored execution, can provide
optimal functional and radiological outcomes with minimal invasiveness, allowing a comprehensive treatment
of associated intra-articular injuries.

KEYWORDS: Anterior cruciate ligament, Arthrofibrosis, Arthroscopic reduction and internal fixation, Meyers and
McKeever’s classification, Pediatric knee injuries, Tibial spine fractures.

INTRODUCTION

Tibial spine fractures, also known as tibial eminence fractures, represent an avulsion of the bony at-
tachment of the anterior cruciate ligament (ACL) at the tibial insertion site. These fractures are more
frequently observed in pediatric and adolescent populations and occur in 3 per 100,000 children
annually, accounting for 2% to 5% of pediatric knee injuries with effusion. They affect males more
frequently than females®. These fractures were historically associated with bicycle accidents, but the
surge in popularity among children and adolescents of sports that involve high-intensity movements,
such as football, skiing, or basketball, has brought a renewed interest in them.
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Figure 1. Sagittal CT scan showing a displaced anterior eminence fracture (red arrow) (a); the arthroscopic view
shows the interposition of the intermeniscal ligament and the fracture bed (b). FF, fracture fragment; MM,
medial meniscus; MFC, medial femoral condyle.

The age span between 8 and 14 years is the most represented in this kind of injury. The reason
could be plausibly linked to an incomplete ossification of the tibial spine, which can predispose
young athletes to this type of fracture?. The mechanism of injury is often a combination of hyper-
extension and rotation of the knee or forced knee flexion with simultaneous uncontrolled tibial
external rotation, mimicking the mechanism involved in ACL tears seen in adults.

The general clinical presentation consists of knee pain, swelling, and a reduced range of motion,
often with the inability to fully extend the knee. In more severe cases, the presence of a palpable
effusion may suggest intra-articular bleeding?.

Conventional X-rays are often used as the initial diagnostic tool to identify fractures. CT scan is
generally used in ambiguous cases and to better determine the degree of displacement* (Figure 1).
Based on that, the fracture can be classified according to the Meyers and McKeever’s classification
in: Type I: minimally/nondisplaced fragment (< 3 mm); Type ll: anterior elevation of the fragment;
Type lll: complete separation of the fragment (Type llla involves a small portion of the eminence;
Type llIb involves the majority of the eminence); Type 4: comminuted avulsion or rotation of the
fracture fragment®. Alternatively, Green et al® highlight the key role of MRI in the assessment of
tibial eminence fracture because of the possibility to identify associated injuries such as meniscal
tears (Figure 2) or ligamentous damage®’. In our experience, additional soft tissue injuries such as

Figure 2. Sagittal MRI images showing a lesion of the medial meniscus posterior horn (red arrow) in combi-
nation with anterior tibial eminence fracture (a); arthroscopic view before (b) and after (c) all-inside meniscal
repair.
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meniscal entrapment or ACL injuries are identified alongside the fracture in a substantial number
of cases®'° The treatment approach depends on the severity of the fracture, with nondisplaced
fractures often treated conservatively with immobilization in extension for 4-6 weeks!'. However,
in cases where there is a significant displacement, surgical intervention is typically required to
prevent long-term instability, nonunion, or malunion'?. Different surgical approaches have been
proposed to manage tibial avulsion fractures. Among them, Arthroscopic Reduction and Internal
Fixation (ARIF) has gained increasing preference over open techniques due to its minimally invasive
nature, fast recovery times, and limited complications.

This study aims to present a detailed step-by-step description of our usual ARIF technique, which
includes modifications of several existing techniques, and its differences from open reduction internal
fixation (ORIF) surgery®315,

Indications for ARIF

Generally, ARIF can be considered in all fractures where a surgical indication exists, thus in Type Il
and IV fractures of Meyers and McKeever’s classification. Borderline indication is in the Type Il frac-
ture, where the partial displacement can be reduced in full extension, thus making it suitable for
conservative treatment. However, in the case of a Type Il fracture that fails to reduce with closed
methods or displays displacement greater than 3-5 mm, soft tissue interposition is possible, and thus,
surgical reduction is necessary to restore joint congruence and prevent functional deficits. Surgical
treatment of Type lll and IV leads to a risk reduction of 56% in residual clinical knee instability (70%
nonoperative vs. 14% operative, p < 0.0001), a risk reduction of 52.8% in patient-reported stability
and of 9% in ACL reconstruction rate (10% vs. 1%, p = 0.036)°.

ARIF is also indicated when the fracture is associated with concomitant injuries such as meniscal
tears or entrapment, ligamentous injuries (including the ACL), or cartilage damage. Studies'’*® have
shown that up to 68.8% of patients with tibial spine fractures also suffer from associated soft tissue
injuries, which makes a comprehensive arthroscopic evaluation essential during surgery. Arthros-
copy allows the surgeon to address these additional injuries in a minimally invasive manner, which
is another reason why ARIF is preferred over open techniques.

The choice of ARIF over open surgery is often driven by its advantages, which include a smaller
surgical incision, reduced postoperative pain, lower risk of infection, and faster recovery times. Ar-
throscopic surgery also allows for better visualization of the fracture site and the ability to assess and
treat associated intra-articular pathologies without the need for large incisions. In contrast, open
reduction can increase the risk of scar formation, prolonged recovery, and higher complication rates,
including joint stiffness??.

The analysis of the complications’ risk factors suggests that the surgical approach did not inde-
pendently increase the risk of arthrofibrosis. ARIF technique may be indirectly exposed to other
risk factors for arthrofibrosis because of the increased time between injury and surgery, waiting
for a sports medicine surgeon, or because of a longer surgical time than in open procedures®. A
prolonged surgical time is the strongest independent risk factor for arthrofibrosis when exceeding
120 minutes®.

Pre-Operative Planning

When the decision to perform ARIF in an anterior tibial eminence fracture is made, accurate preop-
erative planning should be performed. First of all, a precise diagnosis should be made: considering
that the injury mechanism is similar to that of ligament injuries, collateral ligament and other in-
tra-articular injuries should be identified, and their treatment included in the plan. All devices for
meniscal and cartilage repair should be available during tibial spine ARIF, considering the possibility
of unexpected injuries.

Then, the method of fixation should be chosen. Different techniques or devices, such as ab-
sorbable or nonabsorbable sutures, cannulated screws, bioabsorbable screws, K-wires, or metal
cerclages, are available to obtain a solid and stable fixation, each with advantages and disadvan-
tages.

The technique of choice for the senior author (A.G.) includes the use of transosseous repair with
absorbable sutures, which allows for the treatment of most fractures (even comminuted ones)
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and does not require a second surgery for hardware removal. This method utilizes standard No. 2
absorbable sutures to secure the fragment by passing them through transosseous tunnels created
in the tibia. The required instrumentation includes basic arthroscopic instrumentation, ACL guides
to perform transtibial tunnels and suture passers to pass the stitches through the ACL substance.

Due attention needs to be paid to the fact that, if it is not possible to obtain an acceptable reduc-
tion arthroscopically, an open procedure could be necessary, and thus all the required instruments
should be included in the preoperative setting.

SURGICAL TECHNIQUE
Step 1: Patient Setup

The patient is positioned supine, with a tourniquet inflated. A lateral post is positioned 4 cm above
the patella to allow the leg to hang free from the operating table to allow stress provocation. A fluid
pump is routinely used. A medial suprapatellar portal is used for water inflow, while high anterolat-
eral and standard anteromedial portals are used for the surgical instruments. Operating room setup
should include space for a C-arm in order to perform intraoperative fluoroscopic radiographs if con-
firmation of fracture reduction is required. The C-arm should be positioned on the same side of the
arthroscopic tower.

Step 2: Arthroscopic Assessment

The hemarthrosis is evacuated from the superomedial portal. Initially, it could be difficult to perform
a careful intraoperative assessment due to hemarthrosis. If the water inflow through the supero-
medial portal causes blood dilution from the suprapatellar pouch, the inflow can be moved to the
anterolateral portal.

When enough visibility is obtained, the intraarticular hematoma is aspirated using a shaver
through the anteromedial portal. During this stage, the ligamentum mucosum and part of the
infrapatellar fat pad are resected to allow adequate visualization. After the hematoma has been
evacuated, it is possible to inspect the joint for any other intra-articular lesions that should be
addressed (Figure 2b, c). Care should be taken to check the condition and integrity of the anterior
cruciate ligament (ACL) and the status of the articular cartilage and menisci, especially the ante-
rior root of the lateral meniscus that could be avulsed with the spine. In this case, the anterior
root of the lateral meniscus could displace the fracture fragment laterally and proximally (Figure

Figure 3. Coronal CT scan showing an anterior eminence fracture (red arrow) displaced laterally and proximally
(a); the arthroscopic view shows connection of the anterior horn of the lateral meniscus with the main fracture
fragment (b). FF, fracture fragment; LTP, lateral tibial plateau; AHLM, anterior horn of the lateral meniscus.
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Figure 4. Sagittal CT scan showing a displaced and multifragmentary anterior eminence fracture with a loose
fragment (a); the arthroscopic view shows a small loose fragment which is removed with a grasper (b). LFC,
lateral femoral condyle; ACL, anterior cruciate ligament.

3). The fragment and its bony bed should be gently freed from hematoma and fibrous tissue to
allow the study of the fracture pattern, keeping in mind the preoperative radiological exams. If
the fracture is comminuted, small fragments (1-2 mm) should be removed to avoid producing
loose bodies (Figure 4).

Step 3: Fragment(s) Reduction

Turning the optics anteriorly, the intermeniscal ligament is identified in order to check if any in-
terposition is present with the fracture fragment. In such cases, the probe is introduced from the
anteromedial portal to move the intermeniscal ligament, thus allowing reduction of the fragment.
The intermeniscal ligament should be resected only in cases where it is impossible to disengage the
entrapment (Figure 1). The fracture fragment is elevated, and the residual blood clot and debris
are removed from the fracture bed with a shaver or small curette (Figure 5). In sub-acute cases, it
is possible to find fibrous tissue in the anterior part of the fracture, making it impossible to elevate
and mobilize the fragment. This should be carefully removed; otherwise, reduction may be impos-

Figure 5. Arthroscopic view after the cleaning of the
fracture bed from hematoma and fibrous tissue; the
fracture margins can be clearly seen. FF, fracture frag-
ment; MFC, medial femoral condyle.
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Figure 6. Sagittal CT scan showing a displaced anterior eminence fracture (red arrow) (a); the arthroscopic view
shows the interposition of the anterior horn of the medial meniscus and the fracture bed (b). FF, fracture frag-
ment; MM, medial meniscus; AHMM, anterior horn of the medial meniscus; ACL, anterior cruciate ligament.

sible. Another aspect that requires careful consideration is the entrapment of the anterior horn of
the medial meniscus between the fragment and the fracture bed (Figure 6); in this case, the probe
can be used to retract the meniscus and allow fracture disengagement (Figure 7). Once the frag-
ment is mobilized, the fracture can then be reduced into its bony bed using a probe inserted from
the anteromedial portal. Extension of the knee can be helpful. Slight over-reduction of the fracture
fragment is recommended.

Step 4: Preparation of Fixation

After the fragment reducibility is tested, a No. 2 absorbable Vicryl suture can be passed through
the ligament using a suture passer (Figure 8a). Both ends of the suture are passed through the ACL
substance in order to create a loop, which allows solid pulling and good grip (Figure 8b). Another
No. 2 suture is passed after switching the portals to avoid confusing the two different pairs of su-
tures (Figure 8c). The first suture can be pulled in order to create a counter-tension when passing
the second suture, if needed. However, pulling the suture too much does not guarantee fragment

Figure 7. Arthroscopic view of medial meniscus en-
trapment in the fracture side; the anterior horn of
the medial meniscus is retracted with the probe in
order to disengage the fracture fragment. FF, frac-
ture fragment; MTP, medial tibial plateau; AHMM,
anterior horn of the medial meniscus.
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Figure 8. With the suture passer, an absorbable suture is passed through the ACL fibers (a). A loop around the
ACL is created with the suture (b). Two loops are placed in the ACL from the two arthroscopic portals (c). ACL,
anterior cruciate ligament; LFC, lateral femoral condyle.

reduction and can rather break the posterior hinge (if any) and displace the fragment itself. To
maintain the fracture reduced, without constantly pulling the sutures, a straight needle could be
inserted within the ACL substance to temporarily fix it.

Now, a small tunnel is created with a 2.4 mm pin using an ACL guide, at the level of the anterome-
dial border of the fracture bed (Figure 9a) after creating a small skin incision in the anteromedial prox-
imal tibia. During this maneuver, it could be necessary to gently elevate the intermeniscal ligament
with an arthroscopic probe to ensure tunnel creation below it. A No. 1 PDS is passed inside a spinal
needle to create a loop, and the needle is inserted inside the transosseous tunnel; the PDS loop is thus
retrieved with the probe from the anteromedial portal (Figure 9b). Outside the joint, the two free
ends of the Vicryl suture connected to the ACL are passed inside the PDS loop, which is pulled from
the tibial side, retrieving the suture inside the tunnel. Since an arthroscopic cannula is not routinely
used to maintain the portal, the two sutures cannot be passed simultaneously, resulting in soft tissue
interposition during this maneuver. Hard pulling can break minor soft tissues; otherwise, a shaver
should be used or the passage should be repeated.

The same steps are performed to create a second tunnel at the level of the anterolateral margin
of the fracture bed, usually close to the anterior horn of the lateral meniscus (Figure 9c-d). A small
cortical bridge should be left between the two tunnel entries on the anteromedial tibial aspect.

Step 5: Final Fixation

When the two pairs of sutures are inside the two tunnels, a selective tension can be applied to each
suture to reduce the fragment. It is not granted that pulling guarantees an “automatic” anatomical
reduction; therefore, a grasper could be used to position the fragment in the proper position (Figure
10a). Once the reduction is satisfactory, the sutures could be firmly pulled by an assistant (Figure
10b); extending the knee could help in the reduction maneuver. Lack of impingement in full extension
and the proper reduction of the margins (Figure 10c) should be verified before tying the two sutures
on the cortical tibial bridge. Finally, stability during all ranges of motion and upon ACL probing should
be confirmed.

The “Plan B”: Conversion to ORIF

When it is impossible to reduce the fracture fragment during arthroscopy after more than 60 minutes
of tourniquet time, we suggest switching to open reduction. A small anteromedial arthrotomy can be
performed extending the anteromedial arthroscopic portal. In this way, it is possible to access the
fragment and fracture bed, which usually extends in a medial direction. It is also possible to disengage
the interposition of the anterior horn of the medial meniscus, which is very close to the arthrotomy
incision.
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Figure 9. The ACL guide is positioned at the anteromedial margin of the fracture bed and a 2.4 mm tunnel is
drilled (a); a spinal needle with a PDS loop is inserted in the tunnel and the suture retrieved with the probe
(b); another tunnel is positioned after placing the ACL guide at the anterolateral margin of the fracture bed (c);
another PDS suture is passed in the tunnel (d). FF, fracture fragment; NS, spinal needle; ACL, anterior cruciate
ligament; AHLM, anterior horn of the lateral meniscus.

ANTERIOR
TIBIA

Figure 10. A grasper is used to reduce the fracture fragment before pulling the sutures (a); when the desired
reduction is obtained, the medial and lateral sutures are pulled simultaneously (b); the fracture lines (black
arrows) are checked for any malreduction (c). ACL, anterior cruciate ligament; FF, fracture fragment; AHLM,
anterior horn of the lateral meniscus; MFC, medial femoral condyle; LCF, lateral femoral condyle; MTP, medial
tibial plateau.
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In open reduction and fixation, it is not necessary to change fixation methods; the ACL can be
whipstitched under direct visualization, and the same transosseous suture technique could be
used (Figure 11a-d). Alternatively, cannulated screws can also be used.

Postoperative Indications

The patient is allowed to start passive knee range of motion exercises, ranging from 0° to 90° in the
first 2 weeks, and then progressively increasing. Partial weight-bearing is allowed on day 3 post-op-
eratively with a knee brace locked in full extension. This gradually increases to full weight-bearing
over the next 4 weeks. The patient is encouraged to return to routine activities of daily life by 8
weeks post-surgery. Patients can resume participating in non-contact sports within 3-4 months
after surgery.

Figure 11. A Meyers and McKeevers Type IV fracture, preoperative anteroposterior (a) and lateral radiographs
(c). Radiograph at 6-week follow-up after open reduction and internal fixation with transosseous sutures show-
ing good reduction and healing of the fragment (b, d).
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DISCUSSION
Outcomes of ARIF

Clinical outcomes following ARIF are generally favorable, with a high rate of return to normal ac-
tivity levels and sports participation. Multiple studies have documented positive results, with most
patients achieving satisfactory functional recovery within 6 months. A study by Gans et al*! found
that 85% of pediatric patients treated with ARIF for tibial spine fractures reported good to excellent
outcomes according to the International Knee Documentation Committee (IKDC) scores. Another
study?? comparing suture fixation vs. screw fixation found that suture-based techniques had a low-
er reoperation rate.

Suture techniques, in particular, have been shown to provide superior biomechanical properties
compared to screw fixation, especially under cyclic loading®>23. This is due to the fact that suture
fixation distributes the forces more evenly across the fracture site, reducing the risk of malreduc-
tion or failure under stress. Additionally, suture fixation eliminates the need for future surgeries to
remove hardware, which is often necessary when screws are used.

Despite the positive outcomes, some complications can occur, including anterior knee pain, re-
sidual laxity, or knee stiffness?»?. Arthrofibrosis, or the formation of scar tissue leading to restricted
range of motion, is the most common complication, occurring in up to 11% of cases. The most import-
ant risk factors for arthrofibrosis are prolonged immobilization, a delay of over 7 days until surgery, an
operative time exceeding 120 minutes, and high-energy injuries with concomitant collateral ligament
and meniscus injuries.

The use of early postoperative mobilization protocols has significantly reduced the incidence
of this complication. Another potential issue is nonunion or malunion, which can occur if the
fracture is not adequately reduced or if early weight-bearing is introduced before sufficient heal-
ing!4. Residual laxity, in both surgical (10%) and non-surgical treatment (22%), is still a matter of
concern. A key role in residual instability is due to interstitial damage to the ACL that occurred
during the original injury. Moreover, 19% of all patients aged 5 to 18 years required subsequent
ACL reconstruction, with the odds increasing by 1.3 for every year of increasing age at the time
of tibial spine fracture?®?’.

lllustrative Cases

In our clinical practice, ARIF has become the preferred treatment modality for anterior tibial spine
fractures. The main factors guiding this choice are the typically young age of the patients, which
prompts a preference for minimally invasive surgery, and the excellent direct visualization of the frac-
ture site provided by arthroscopy.

ARIF allows accurate reduction and the simultaneous treatment of associated intra-articular
lesions. ORIF is reserved only for those uncommon cases in which anatomical reduction cannot
be achieved arthroscopically. The following cases represent emblematic examples of our ARIF ex-
perience, showcasing both typical and complex fracture patterns and their respective outcomes.

Case 1: A 17-year-old male sustained a right knee sprain during a fall while practicing motocross. The
x-ray and CT showed a Meyers and McKeevers Type IV fracture (Figure 12a-b). After ARIF with ab-
sorbable sutures performed 5 days after injury, good reduction and healing were obtained at the
6-week follow-up evaluation (Figure 12c), where the patient demonstrated no antero-posterior
(AP) laxity and complete range of motion (ROM). The patient returned to non-contact sports 3
months after injury.

Case 2: A 43-year-old male sustained a left knee sprain while skiing. The X-ray and CT showed a
Meyers and McKeevers Type Il fracture (Figure 13a-b). After ARIF with absorbable sutures per-
formed 7 days after injury, good reduction and healing were obtained at the 6-week follow-up
evaluation (Figure 13c), where the patient demonstrated no AP laxity and complete ROM. The
patient returned to non-contact sports 3 months after injury.

Case 3: A 24-year-old female tennis player sustained a left knee sprain while skiing. The initial X-ray
was interpreted as negative, and the patient was initially treated conservatively in another in-
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Figure 12. A 17-year-old male with a Meyers and McKeevers Type IV fracture (red arrow) in sagittal CT scan (a)
and lateral radiographs (b). Radiograph at 6-week follow-up showing good reduction and healing of the frag-
ment (red arrow) (c).

stitution. Due to the lack of extension, the patient underwent an MRI, which showed a Meyers
and McKeevers Type Il fracture (Figure 14a, c) with medial meniscus entrapment, medial me-
niscus posterior horn tear, and proximal medial collateral ligament (MCL) injury. After ARIF with
absorbable sutures and medial meniscus repair performed 22 days after injury, good reduction
and healing were obtained at the 8-week follow-up evaluation (Figure 14b, d). However, due to
the late treatment, the patient developed arthrofibrosis, which was resolved after 6 months of
intense rehabilitation. The patient returned to sport 7 months after injury.

CONCLUSIONS

Arthroscopic Reduction and Internal Fixation (ARIF) is an effective and minimally invasive surgical
approach for the management of anterior tibial spine fractures. Its advantages are reduced post-
operative pain, faster recovery and fewer complications compared to open surgery. Furthermore,
arthroscopy also allows the treatment of associated soft tissue injuries that frequently complicate
these fractures.

Figure 13. A 43-year-old male with a Meyers and McKeevers Type Il fracture (red arrow) in sagittal CT scan (a)
and lateral radiographs (b). Radiograph at 6-week follow-up showing good reduction and healing of the frag-
ment (red arrow) (c).
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\

Figure 14. A 24-year-old female with a Meyers and McKeevers Type Il fracture (red arrow) in a sagittal MRI scan
(a) and the healed and reduced fragment (yellow arrow) 8 weeks after surgery (b); coronal pre-operative (c) and
post-operative (d) views of the same patient.

Transosseous suture fixation allows treatment of most fractures, ensuring biomechanical stability,
and eliminates the necessity for future implant removal.

Prompt diagnosis, meticulous preoperative planning, and proper surgical management of these
kinds of injuries are essential for a good outcome. ORIF remains necessary in certain complex fracture
cases where satisfactory reduction is not achievable through arthroscopic techniques.
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