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SUMMARY
Isolated avulsion of the tibial spine occurs in children and can be associated with resid-
ual insufficiency of the anterior cruciate ligament (ACL). Completely displaced tibial 
spine fractures are managed with open or arthroscopic surgical fixation. This retro-
spective study describes the results obtained with arthroscopic reduction at a mean 
follow-up of 81.6 months. 
Eleven patients were treated with  arthroscopic suture fixation, at the last follow-up 
all patients exhibited a negative Lachman test and a negative pivot shift test, the mean 
International Knee Documentation Committee (IKDC) score was 97.9 and the mean 
Lysholm score was 96. All patients showed bone union at plain radiography. 
Arthroscopic reduction with suture fixation is a safe and reliable method to treat 
displaced or comminuted avulsion fractures of the tibial eminence.
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INTRODUCTION
Isolated avulsion of the tibial spine is relatively frequent, with 
an incidence of 3 per 100.000 inhabitants per year (1). They 
usually occur in children, though they are becoming more 
frequent in adults (2,3). After such injury, the knee become 
lax given the insufficiency of the anterior cruciate ligament 
(ACL), and exhibits decrease in range of motion (ROM) (4). 
Nondisplaced and selected partially displaced fractures can 
be treated non-operatively, on the other hand complete-
ly displaced tibial spine fractures are managed with surgi-
cal fixation (5). The aim of surgery includes restoration of 
knee stability, restoration of the range of motion and return 
to function (5). Fracture non-union, arthrofibrosis and 
malunion are the most frequently reported complications of 
tibial spine fractures (6). The former may lead to limitation 
in ROM, and the latter produces residual ligament laxity. 

Surgery is necessary to prevent these issues, and anatomical 
reduction with stable fixation is required to restore normal 
knee biomechanics if the avulsion is completely or partially 
displaced (2, 7, 8). Clinical evaluation, computed tomogra-
phy and magnetic resonance imaging help to identify the 
fracture patterns and guide the treatment options (9). 
Meyers and McKeever (10, 11) identified three main types of 
fractures: Type I (minimally displaced anterior margin); Type 
II (superior displacement of the anterior edge with an intact 
posterior hinge); Type III (completely displaced and avulsed 
tibial eminence). Type III fractures have been sub-classified 
in Type IIIa (with fragments completely displaced) and type 
IIIb (fragments are displaced and rotated) (10,11).
Zaricznyj described a fourth type of tibial eminence frac-
ture, with comminution (12).
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Type I fractures are usually treated with the knee immobili-
zation in full extension, while in type II, III and IV fractures 
treatment options is more controversial. In Type II, III and 
IV fracture the reduction may not be full, and arthroscopic 
evaluation and anatomic reduction with internal fixation is 
technically demanding (13). 
The present study evaluates the effectiveness of suture fixa-
tion on a series of patients affected by tibial spine fracture. 

MATERIALS AND METHODS
In this retrospective study, eleven patients were treated 
between 2010 and 2017. The inclusion criteria were: 1) 
displaced tibial eminence avulsion; 2) anterior knee laxi-
ty of grade II or higher. Exclusion criteria were: 1) tibial 
plateau fracture; 2) nerve or vessel damage; 3) multi-liga-
ment injury or knee dislocation. Patients were assessed after 
the arthroscopic surgery, and comparison with the contra-
lateral uninjured knee was made. The mean follow-up was 
81.6 months, range 48-128.
The primary outcome of the study was the reduction in post-op-
erative knee laxity, that was evaluated with the Lachman test 
and the pivot shift test, and measured by Rolimeter® (Aircast, 
DJO Global, Vista, CA, USA); secondary outcomes were 
the improvement in the International Knee Documentation 
Committee (IKDC) scores, the Lysholm score, and the bone 
union. Fracture healing was assessed on lateral radiograph, and 
clinically based on disappearance of anterior knee pain.
All patients gave their written consent before surgery, and 
the relevant institutional review board approved the study. 
All patients underwent the same treatment protocol for 
arthroscopic suture fixation using FiberWire (Arthrex, 
Naples, FL, USA) sutures to undertake the relevant fixation. 

Surgical Technique 
The procedure was performed under spinal anesthesia. 
Patients were placed in the supine position and a pneumatic 
tourniquet was inflated after limb exsanguination. Standard 
anteromedial (AM) and anterolateral (AL) portals were used. 
Associated meniscal tears or other lesions were assessed and 
addressed before fracture treatment. In most patients, the 
transverse intermeniscal ligament was interposed between the 
superiorly displaced fragment and the tibia, preventing accu-
rate reduction. Using a N.1 PDSII from the AM portal the 
ligament was pulled anteriorly, thus facilitating reduction of 
the tibial eminence fragment and its maintenance (figure 1). 
After a comprehensive arthroscopic examination, a probe 
was used to lift the avulsed fragment and allow access to the 
fracture bed. A shaver was used to carefully debride the frac-

ture hematoma and remove the smaller fracture fragments to 
mobilize the avulsed tibial spine (figure 2). 
Trial reductions was performed using the probe. The 
reduced fragment was temporarily fixed with a 1.5 mm 
Kirschner wire inserted percutaneously from the supero-
medial aspect of the knee joint (figure 3). The tip of the tibi-
al ACL guide was placed on the base of the ACL through 
the anteromedial portal (figure 4). A 1 cm longitudinal inci-
sion was made just medial to the anterior tibial tuberosity 
and deepened to the tibial surface to place the tibial ACL 
guide in contact with the tibial cortex. Two 2.4 mm guide 
wire were drilled into the joint through the guide from the 
proximal tibia through the reduced fragment. One guide 
wire was placed just to the medial aspect and the other just 
to the lateral aspect to the insertion of the ACL. Next, a 
4 mm cannulated drill bit was used to make the two tibi-

Figure 1. The intermeniscal ligament is pulled anteriorly, thus 
facilitating reduction of the tibial eminence fragment by using 
a N.1 PDSII from the AM portal.

Figure 2. The tibial spine is fully mobilized by removing 
hematoma and smaller fracture fragments.
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al tunnel. The surgeon unscrewed and removed the inner 
drill bit while leaving the outer cannulated drill sleeve in 
place (figure 5). A 45° suture hook was passed through the 
base of the ACL just proximal to its tibial insertion on the 
fracture fragment, and a N.1 PDSII was shuttled through 
the base of the ACL (figure 6).  One N. 5 FiberWire suture 
was then inserted into the lateral cannulated drill, retrieved 
from the anterior portal with a grasper and shuttled, using 
the PDS loop, through the ACL (figure 7). After this, a 
PDS loop was inserted into the medial cannulated drill and 
the FiberWire was passed through the second tunnel, exit-
ing from the anterior aspect of the tibia. The reduction was 
confirmed visually and tested with the probe (figure 8), and 
the suture was then tied over the bony bridge on the ante-
rior-medial cortex of the tibia (figure 9). 

Figure 3. The reduction of the avulsed fragment is achieved, 
and the tibial spine is temporarily fixed by using a K-wire 
inserted from the superomedial aspect of the knee joint.

Figure 4. The point of the C-ring drill guide is placed on the 
base of the ACL through the anteromedial portal.

Figure 5. The outer cannulated drill sleeve is left in place 
after having drilled the 4 mm tibial tunnel.

Figure 6. A 45° suture hook is passed through the base of 
the ACL just proximal to its tibial insertion site on the fracture 
fragment and a N.1 PDSII is then shuttled through the base 
of the ACL.

Figure 7. One N.5 FiberWire is inserted into the lateral cannu-
lated drill, retrieved from the anterior portal with a grasper 
and shuttled, by use of the PDS loop, through the ACL.
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RESULTS 
The main characteristics of the study are summarized 
in table I. Eleven patients, 9 Males and 2 Female, mean 
age 18.27 ± 7.74 (12-35) were recruited (6 type II, 3 type 
III and 2 type IV). The mean antero-posterior excursion 
measured with the Rolimeter was 7.6 mm for the oper-
ated side and 6.2 mm for the opposite side. All patients 
exhibited a negative Lachman test and a negative pivot 
shift test at final follow-up. Seven patients were classi-
fied IKDC A and 4 patients IKDC B. The mean IKDC 
subjective score was 97.9 (range 94 to 100). The mean 
Lysholm score was 96 (range 90 to 100) at the last follow 
up. All patients showed bone union at plain radiogra-
phy. One patient reported to have experienced difficul-
ty in regaining motion post-operatively and underwent an 
arthroscopic arthrolysis with full recovery. This second 
procedure consisted of a debridement of arthrofibrot-
ic scar tissue inside the joint. No hardware disturbanc-
es have been observed and no other patients required a 
second operation. No complications were other compli-
cations were reported. No infection or venous thrombo-
sis was noted. Of the recruited patients, nine reported no 
pain during moderate or strenuous activities; two patient 
reported intermittent and slight pain with moderate or 
strenuous activities at the last follow-up.

Figure 8. The reduction of the fragment is achieved.

Figure 9. The tibial spine is fixed by tying the sutures over a 
bony bridge on the anterior-medial cortex of the tibia.

Table I. Main characteristics of the study. 

Number of patients
male 
female

11
9 (81.8%) 
2 (18.2%) 

Mean age 18.27 ± 7.74

Mean Follow-up 81.6 months 
(range 48-128)              

Meyers and McKeever Classification 6 type II
3 type III
2 type IV

Rolimeter 
operated side 
opposite side

7.6 mm
6.2 mm

Lachman test All patients negative

Pivot shift ALL patients negative

Post-op IKDC Classification
type A
type B

7 patients 
4 patients 

Mean IKDC score at last follow-up 97.9 
(range 94 to 100)

Mean Lysholm score at 
last follow-up

96 
(range 90 to 100)

Complication 1 arthrofibrosis

Postoperative protocol
Different post-operative and rehabilitative protocols are 
proposed in the literature, based on the surgeon’s prefer-
ences, the type of fracture, the quality of fixation and patient 
compliance (14).
Compared to the protocol used by other authors, (15, 16) 
ours provided for faster weight bearing and mobilization. 
In any case, most of the studies in the literature concord for 
immediate weight bearing and early mobilization (14).
The knee was immobilized in a brace locked in full exten-
sion for 2 weeks. Strengthening exercises and stimulation 
of quadriceps and hamstrings were started immediate-
ly and weight bearing permitted with crutches as tolerat-
ed. After 2 weeks the brace was progressively unlocked and 
mobilization started. The brace was removed after 4 weeks 
and mobilization continued until the range of motion was 
completely recovered.
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DISCUSSION
Surgical treatment of displaced intercondylar eminence 
fractures is essential to prevent nonunion or malunion. 
Most surgeons recommend surgery for displacement of 
more than 3 mm in type II, type III and IV fractures of 
intercondylar eminence (12, 17, 18). 
A systematic review of the literature has not demonstrat-
ed long term superiority of open surgery over arthroscop-
ic surgery or screw versus suture fixation techniques (19).  
However, recent arthroscopic fixation techniques demon-
strated less morbidity and complications, better evaluation 
and treatment of any associated lesions, and faster func-
tional recovery in comparison to open procedures (2). 
Arthroscopic fixation techniques include percutaneous 
Kirschner wire fixation, screw fixation (20), TightRope 
fixation (21), steel wire fixation or suture fixation (22-24). 
In 1982, McLennan first reported the treatment of fracture 
of the intercondylar eminence of the tibia with Kirschner 
wire but anterior knee pain, instability and decrease in 
motion were the main complications (18), with high rates of 
failure (25). 
Recent studies have demonstrated the biomechanical advan-
tages of newer suture-based fixation methods compared to 
fixation with screws, however the best method of fixation 
has not been defined as each technique has specific advan-
tages (26).
Although fixation with the screw technique allows several 
advantages such as immediate loading and early mobiliza-
tion, it cannot be used in cases of comminution or small 
fragment size. Furthermore, in case of malpositioning with 
associated cartilage damage or persistent intolerance, it will 
be necessary to remove the screw. Finally, growth distur-
bances may occur in patients with open physis (14).
Suture fixation methods are basically classified into 2 
groups. The first involves the direct suture of the ACL fibers, 
vice versa the other possibility involves the reduction and 
fixation of the avulsed bone fragment. This last technique 
is obviously not usable when the tibial spine is comminut-
ed, but in these cases it is possible to suture the base of the 
ligament itself in order to obtain a solid fixation (27). Liga-
ment suture methods require special instruments to place 
intraligamentous sutures and a suture passer to thread liga-
ment sutures in the joint. Tsukada et al. found significantly 
greater anterior translation after cyclic loading in fractures 
stabilized with pullout suture fixation compared with ante-
grade screw fixation (28, 29). In a cadaveric biomechanical 
study, specimens fixed with Fiberwire had a mean ultimate 
strength of 319 N. Those fixed with cannulated screws 
had a mean ultimate strength of 125 N (P = .0038). There 
was no significant difference between the mean stiffness 

of FiberWire constructs (63 N; SD, 50 N) and the mean 
stiffness of the cannulated screw constructs (20 N; SD, 
32 N). FiberWire fixation of eminence fractures provides 
biomechanical advantages over cannulated screw fixation, 
and may influence the type of treatment one chooses for 
patients with tibial eminence fractures (30). Using absorb-
able suture fixation, Verdano et al. also showed good and 
very good results in 21 patients with complete union of the 
avulsed fragment at 2 years of follow-up without compli-
cations (31, 32). Commonly used screw methods can easily 
crush bony bone fragments and cut ligaments, increasing 
the likelihood of damaging the open physis and requiring a 
second procedure to remove the implant. In addition, the 
operative space is limited (30, 33, 34). 
All our patients presented returned to full function after the 
index surgery. No hardware disturbances were reported, 
only one patient required a second operation of arthroscopic 
arthrolysis, and no infection or venous thrombosis were noted. 
Notwithstanding the small number of patients treated, 
the suture fixation procedure described allows excellent 
results for the tibial eminence fracture avulsion. There are 
several advantages in using the described technique. First, 
the suture is performed at the base of the ACL and not 
in the bone, making it easy to reduce even in type III or 
IV fractures. Furthermore, this type of fixation proved to 
be biomechanically superior to the technique with screws 
which could then risk breaking the bone fragment and 
also require removal in case of intolerance (27, 35, 36).
Finally, in case of difficult reduction can be managed with 
multiple sutures for precise repair of bone fragments. 

CONCLUSIONS
Displaced or comminuted avulsion fractures of the tibial 
eminence can be easily managed with arthroscopic reduction 
with suture fixation allowing to restore ACL length, stabilize 
fragments, promote early motion, and minimize morbidity.   
Direct intrarticular inspection allows anatomic reduction 
and the treatment of further intra-articular pathology. This 
technique is easily reproducible with low hardware costs 
compared with sutures using anchors or other hardware, 
and the cannulated drill significantly simplifies the process 
of suture passage while maintaining fracture reduction and 
minimizing surgical steps. The study meets the ethical 
standards of the journal (37).
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