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Abstract
Background: To con�rm the existence of the ALL and evaluate the clinical outcomes of surgical
management for avulsion fractures involving its insertion when associated with periarticular knee
fractures.

Methods: Twenty-three patients (16 males and 7 females) with avulsion fractures of the ALL associated
with periarticular knee fractures were �xed with a spider plate, cannulated screw, or suture anchor. Eight
patients were diagnosed with distal femoral fracture, 10 with tibial plateau fracture, and 5 with tibial
eminence avulsion fracture. All patients underwent X-rays at follow-up. Clinical and functional outcomes
were assessed with the pivot-shift test, objective and subjective International Knee Documentation
Committee (IKDC) score, Lysholm score, and Tegner activity scale.

Results: The ALL was found and identi�ed as a distinct ligamentous structure in all patients. Pre-Segond
repair, patients had signi�cantly more instability as determined by pivot-shift test than seen
postoperatively (P < .0001). At �nal follow-up, the mean subjective IKDC score was 83.2±10.3. Fourteen
patients were graded A, 6 were graded B, and 3 was graded C on the IKDC objective score. The mean
Lysholm score was 85.4 ± 12.2. The mean Tegner score was 7.5 ± 1.2.

Conclusion: This study con�rmed that the ALL is a distinct structure in the anterolateral portion of the
knee. The �xation for the avulsion fracture of the ALL associated with periarticular knee fractures can be
an effective procedure without speci�c complications. Longer term and comparative follow-up studies
are necessary to con�rm the effects.

Background
In 1879, Paul Segond �rst described the existence of a “pearly, resistant, �brous band” at the anterolateral
aspect of the human knee attached to an eponymous Segond fracture [5, 30]. However, this band was not
routinely discussed, identi�ed, and con�rmed during the subsequent century. In 2013, Claes et al. [5]
reported on the anterolateral ligament (ALL) as a distinct and consistent ligamentous structure of the
knee. Since then, investigation of the ALL grew and clinical interest into this structure developed. At
present, many researchers advocate for this ligament’s existence and have conducted morphometric
studies [2, 5, 10, 12, 13, 16, 17, 36, 38]. However, some researchers have doubted the existence of the ALL,
and corresponding studies have been unable to �nd a distinct ligamentous structure that stands out in
the anterolateral part of the knee [3, 14, 22]. Additionally, there have been differing accounts of the ALL’s
anatomy in fetal knees. Helito et al. [19] reported that the ALL was present in all dissected fetal knees,
while Sabzevari et al. [39] claimed that they could not prove the presence of a distinct ligamentous
structure in the anterolateral complex area.

With the re-discovery and de�nition of the ALL, Claes et al. [6] con�rmed that the Segond fracture is
actually a bony avulsion of the ALL. Subsequently, Porrino et al. [35] identi�ed the ALL on MRI and
reported that the ALL was attached to the Segond fracture fragment. However, Shaikh et al. [41] reported
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an interesting conundrum: the Segond fracture occurs at the location of the tibial insertion of the ALL, as
reported in the literature, while MRI was unable to identify any distinct ligamentous attachment.

Despite ongoing controversy in the literature, multiple biomechanical studies have demonstrated that the
ALL plays a role in anterolateral rotatory instability related to the pivot-shift phenomenon [24, 26, 32, 33,
37, 40, 44, 45, 47, 49]. Segond fractures are sometimes seen in periarticular knee fractures. However,
speci�c �xation of the Segond fracture fragment is rarely given much consideration while the major
fracture fragments are reconstructed and the treatment of the ALL avulsion fracture is often neglected.
Therefore, the purpose of the current study was to determine the existence of the ALL in periarticular knee
fractures seen with associated Segond fractures and report outcomes after treatment of the Segond
fracture.

Patients And Methods
Patients

A total of 23 patients (16 men and 7 women) aged 23 to 55 years (mean: 40.7±9.1) underwent open
reduction and internal �xation for avulsion fractures of the ALL associated with periarticular knee
fractures from June 2014 to May 2017. The inclusion criteria for this study were (1) periarticular fractures
of the knee, including distal femoral and proximal tibial fractures, (2) absence of injury to nerves, blood
vessels, and major organs, (3) a follow-up period of ≥ 2 years, (4) the ability to walk normally using the
ipsilateral knee joint before injury, and (5) no obvious osteoarthritis or any history of trauma. The
exclusion criteria were (1) a simple Segond fracture, (2) concurrent injury of the common peroneal nerve,
(3) concurrent osteofascial compartment syndrome, (4) pathological fractures, (5) poor adherence to
rehabilitation/follow up, and (6) a pre-existing history of knee osteoarthritis. Table 1 reports the
demographic details and patient characteristics of the study population.

Surgical Techniques

Associated with distal femoral fracture (Group A). Of nine patients, the distal femoral fracture type was
33A2 in two patients, 33A3 in four patients, 33B2 in two patients, and 33B3 in one patient (according to
the AO/OTA Fracture and Dislocation Classi�cation).

For patients with 33A2 AND 33A3fractures, we used a standard open lateral approach to the distal femur.
The incision was extended slightly distally to expose the avulsion fracture of the tibial insertion of the
ALL. First, the distal femoral fracture was repaired utilizing minimally invasive plate osteosynthesis
(MIPO) techniques. The ALL tibial avulsion fracture bed was cleared of intervening soft tissue under
direct visualization, and dissection continued proximally until the origin of the ALL was identi�ed. After
identi�cation of the ALL, the avulsion fracture block was accurately reduced and �xed (Figure 1). For
patients with type 33B2 and 33B3 fractures, a medial incision was performed to reduce and �x the
fracture of the medial femoral condyle, then a lateral incision was made to �x the ALL tibial avulsion
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fracture. The lateral incision was made at the midpoint between Gerdy’s tubercle and the apex of �bular
head.

Associated with tibial plateau fracture (Group B). Of the 10 patients with tibial plateau fracture, six
patients also had an anterior cruciate ligament (ACL) avulsion fracture. After management of the tibial
plateau fracture was performed, the ACL avulsion fracture was �xed with steel wire or nonabsorbable
sutures passed through the ACL insertion in a �gure-of-eight and brought through a tibial tunnel. After
adequate reduction and �xation of the tibial plateau and ACL avulsion fractures as con�rmed by the
image intensi�er, the ALL tibial avulsion fracture was �xed.

Associated with the tibial intercondylar eminence avulsion fracture (Group C). Of the four patients, the
ACL avulsion fracture was �xed �rst with nonabsorbable sutures passed in a �gure-of-eight through the
ACL insertion and brought through a tibial tunnel under arthroscopic assistance and anchored distally in
the tibia, followed by reduction and �xation of the ALL tibial avulsion fracture via a small lateral incision.

Clinical Assessment

After the associated fracture had been �xed, the pivot-shift test was performed by the senior attending
surgeon prior to �xing the ALL tibial avulsion fracture [27, 28, 48, 43]. The patients were routinely followed
up at 1, 3, 6, 12, and 24 months postoperatively. They were usually discharged from orthopaedic care at
24 months of follow-up. During the follow-up appointments, X-ray images were obtained, and the the
fracture healing was determined based on clinical exam and imaging. The postoperative pivot-shift test,
International Knee Documentation Committee (IKDC) score [27, 43], Lysholm score, and Tegner activity
level [43] were recorded at 2 year follow up.

Statistical Analysis

Statistical analysis was performed using the software package SPSS (Version 120.0, IBM Corp).
Descriptive statistics including means and standard deviations were obtained from continuous data.
Data are presented as mean values with ranges. Chi-square analysis was used for categorical variables,
and the Mann-Whitney U test was used to compare parametric or nonparametric variables. The Kruskal-
Wallis H test was used to compare was used to compare the postoperative objective IKDC evaluation.
Statistical signi�cance was de�ned at P < .05.

Results
Demographics

The mean postoperative follow-up was 31.48±6.9 months. All fractures treated were well healed by an
average time of 11.13±1.0 weeks. The ALL was con�rmed and visualized in all 23 patients. During the
operation, we con�rmed that the femoral origin of the ALL was located on the lateral condyle. The
position was slightly anterior to the attachment point of the lateral collateral ligament and inserted at the
lateral meniscus body and lateral condyle of the tibia. The tibial insertion was more speci�cally located
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on the lateral edge of the tibial plateau, at the midpoint between Gerdy’s tubercle and the �bular head
(Figure 1).

Range of Motion

At the last follow-up, the motion of the knee joint was considered to be full motion in all subgroups. The
mean extension and �exion were 0.87±1.96 and 130.2±9.9, respectively (Table 2). There were no
differences in extension and �exion among the three subgroups (P > 0.05).

Subjective Knee Evaluation

At the last follow-up, the mean subjective IKDC score of three groups (group A, group B, and group C)
were 83.9±10.4, 81.3±10.6, and 81.3±10.6, respectively. The mean Lysholm score of the three groups
(group A, group B, and group C) were 85.3±13.6, 82.9±11.9, and 91.5±10.0, respectively. The mean Tegner
score of the three groups (group A, group B, and group C) were 7.4±1.3, 7.2±1.2, and 8.3±1.0, respectively
(Table 2). No statistically signi�cant difference was found among the three groups for the subjective
IKDC score, Lysholm score, and Tegner score at 2-year follow-up (P > 0.05).

Objective Evaluation

At the last follow-up, IKDC objective score was grade A in 14 patients, grade B in 6 patients, and 3 were
graded C. Subgroup results of IKDC subjective scores are presented in Table 3. There were no signi�cant
differences among the three groups. Prior to �xation of the Segond fracture, 19 (82.6%) patients had
grade 1, and 4(17.4%) patients had grade 2 pivot-shift test results. Postoperatively, 20 (87.0%) patients
had a negative pivot shift (grade 0), 2 (8.7%) patients had grade 1, and 1 (4.3%) patient had a grade 2 (P <
.0001) (Table 3).

Imaging �ndings

At the last follow-up, the anteroposterior and lateral X-ray images of the knee joints showed that all the
fractures were well healed. There was no secondary loss of reduction, and hardware remained in place
and intact (Figure2, Figure 3).

Discussion
In this study, we con�rmed the existence of the ALL as a distinct ligamentous structure in the
anterolateral portion of the knee in all patients and provided evidence that �xation of the ALL tibial
avulsion fracture was effective in reducing rotational laxity assessed by the pivot-shift test acutely and at
2-year follow-up.

Since 2013, many authors have studied the ALL’s anatomy in cadaveric dissections. However, the results
of these articles have produced some contradictions. Some authors reported the universal existence of
the ALL, whereas other authors stated it was present in only some of their specimens or were unable to
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�nd it in any of their specimens. In the current study, the ALL was found and con�rmed in all 23 patients.
The Segond avulsion fractures were located at the external margin of the tibial plateau, at the midpoint
between Gerdy’s tubercle and the �bular head (i.e., the ALL tibial insertion). Careful dissection along the
insertion to the proximal aspect of the ALL showed that the femoral origin was located on the lateral
condyle slightly anterior to the attachment point of the lateral collateral ligament. To our knowledge, this
study is the �rst to describe the existence of the ALL in periarticular knee fractures in combination with
�xating the Segond avulsion fracture. Several previous studies investigated the relation of the Segond
fracture with the ALL using cadaveric knees [6] or using MRI in normal knees [35, 41]. However, con�icting
evidence was found between MRI studies. Although Porrino et al. [35] reported that the structure is
identi�able on MRI and appears to be attached to the Segond fracture fragment, they suggested forgoing
an attempt to separate this lateral structure into multiple components because these structures are not
reliably discriminated on routine MRI. Perhaps this helps to explain the results of Shaikh [41]. There were
also broad variations in identi�cation of the ALL using MRI between cadaveric studies and clinical
studies. Both cadaveric studies reported that the ALL was clearly observed in all dissected knees and MRI
scans (100%) [7, 20]. In clinical studies, Taneja et al. [46] reported that the ALL was completely visible in
11% and partially visible in 40%. Coquart et al. [11] reported completely visible in 82% and partially visible
in 11.5%. Helito et al. [18] reported completely visible in 33.3% and partially visible in 48.5%. A recent
study reported that the percentage agreement between MRI and surgical �ndings was 88% for ALL injury.
One of the reasons for this variation was the different conditions for MRI visualization. Standard slice
thickness of 3 mm was used in clinical studies, while more thin slices (0.4 and 0.6–1.5 mm) were used in
cadaveric studies. Exactly what constitutes the best conditions for MRI visualization of the ALL are still
under study [1]. Patel et al. [34] described a technique for identi�cation of the ALL. A 1.5 T, or preferably
3.0T MRI should be used, with slice thickness set to 0.5 mm to 1.0 mm using a dedicated knee coil. The
knee should be in �exion of 15° with neutral rotation. The gold standard of ALL con�rmation is surgical
exploration and histological analysis in normal knees. Our study identi�ed the ALL in 100% of the
patients with Segond fracture with direct visualization during surgical exploration. A recent study
evaluated the ALL histological structure in 25 knees during total knee arthroplasty. The histological
analysis of the three components sampled (capsule, ACL and ALL) showed signi�cant differences
between capsule and ALL, and similarities were found comparing the ALL with ACL [38].

Parsons et al. [33] investigated the biomechanical signi�cance of the ALL with internal rotation and
anterior drawer testing from between 0° and 90° of knee �exion. They con�rmed the ALL is an important
stabilizer of the knee during internal rotation at �exion angles greater than 35°, and the lateral collateral
ligament was not a primary stabilizer of either anterior drawer or internal rotation at any angle of knee
�exion. Rasmussen et al. [37] explored the function of the ALL using 10 fresh-frozen human cadaver
knees in a simulated pivot-shift test. The authors con�rmed that the ALL provides rotatory stability to the
knee. Speci�cally, the ALL was a signi�cant secondary stabilizer during an applied internal rotation
torque and simulated pivot-shift test in the context of an ACL-de�cient knee. Nitri et al. [31] reported that
in the face of a combined ACL and ALL de�ciency, concurrent ALL reconstruction (ALLR) and ACL
reconstruction (ACLR) signi�cantly reduced internal rotation and laxity during a simulated pivot-shift test
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compared with isolated ACLR. It is well documented that a certain group of patients after ACL
reconstruction (ACLR) still have persistent rotatory laxity and pivot shift [9]. Ferretti et al. [15] reported that
the incidence of ALL injuries associated with ACL tears is about 90%. For these reasons, several clinical
studies of combined ACLR and ALLR have been performed and have reported improved rotatory stability
of the knee [27, 29, 42, 43, 48]. Studies have shown that the pivot-shift test is a reliable examination in
evaluating functional instability [4, 25]. In our study, there were 19 patients with a grade-2 pivot-shift test
and 4 patients with a grade-3 pivot-shift before operative treatment of the ALL avulsion. At follow-up,
87.0% of patients showed a negative pivot shift (P < .001). Furthermore, although not clinically signi�cant
(P > .05), our subgroup analysis showed that the subjective IKDC score, Tegner score, Lysholm score were
better in group C compared with those in group A and B at the follow-up. A difference between these
groups may be indicative of an effect of a tibial plateau fracture and distal femur fracture on knee joint
stability. Our results suggest an important effect of the ALL on knee stability and may indicate that a
Segond fracture associated with periarticular fractures of the knee should be repaired. However, Melugin
et al. [28] reported that patients undergoing ACLR with and without a Segond fracture had similar pivot-
shift test results, graft failure rates, and activity levels. Cavaignac et al. [8] proposed that the lack of
difference found in the Melugin study could be due to analysis bias, selection bias, and interpretation
bias. The most important point raised by Cavaignac is that the term Segond fracture should be reserved
for bony avulsions seen on plain radiographs, rather than on MRI and ultrasonography. We agree with
these views.

The present study has some limitations. First, this study was a retrospective study without a control
group. Second, there was selection bias inherent to the study population. The purpose of this study was
to evaluate all patients with ALL avulsion, so different associated fractures around the knee were
included. Third, a low sample size population was available for our study. Additionally, there was no
equipment to evaluate pivot shift quantitatively, and the pivot-shift test and grading for evaluating
rotational instability is a subjective test. Finally, a 2-year follow-up period is not long enough to evaluate
for potential degenerative changes which were not assessed in our study, and longer follow-up periods
are required to evaluate for that outcome.

Conclusions
This study con�rmed the existence of the ALL as a distinct ligamentous structure in the anterolateral
portion of the knee in all patients. The �xation for the avulsion fracture of the tibial insertion of the ALL
associated with periarticular knee fractures can be an effective procedure for reducing instability and
increasing objective patient outcome scores with low complication rates. Longer term and comparative
follow-up studies are necessary to con�rm the effects.

Abbreviatons
ALL
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Anterolateral ligament

IKDC

International Knee Documentation Committee

MIPO

Minimally invasive plate osteosynthesis

ACL

Anterior cruciate ligament
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Tables

TABLE 1 Demographics and Patient Characteristics of the Study Populationa

Age at time of surgery, y, Mean ± SD 40.7±9.1 (23-55)

Sex  

Female 7 (30.4)

Male 16 (69.6)

Injured side  

Left 9 (39.1)

Right 14 (60.9)

Accompanied fracture of ALL avulsion  

Distal femur fracture  9 (39.1%)

Tibial plateau fracture 10 (43.5%)

Avulsion of tibial intercondylar eminence 4 (17.4%)

aValues are presented as n (%) unless noted otherwise.
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TABLE 2 Outcomes at the Last Follow-upa

  Distal femur fracture (group

A)

Tibial plateau fracture (group

B)

Tibial eminence avulsion (group

C)

All

No. of patients 9 10 4 23

Range of motion, deg        

Extension 0.67±2.29 1.40±1.83 0.00±1.41 0.87±1.96

Flexion 130.0±10.3 128.1±9.4 135.8±10.5 130.2±9.9

IKDC subjective score 83.9±10.4 81.3±10.6 86.3±11.3 83.2±10.3

IKDC objective score,

A/B/C/D, n

6/2/1/0 5/3/2/0 3/1/0/0 14/6/3/0

Lysholm score 85.3±13.6 82.9±11.9 91.5±10.0 85.4±12.2

Tegner score 7.4±1.3 7.2±1.2 8.3±1.0 7.5±1.2

aData are presented as mean±SD.

 

 

 

TABLE 3 Pivot-Shift Test Resultsa

  Pre-Segond Repair Postoperative

P < .0001    

Normal 0 20

Grade 1+ 19 2

Grade 2+ 4 1

Grade 3+ 0 0

aData are shown as number of patients.
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Figure 1

The ALL was identi�ed intraoperatively. (A) the Segond avulsion fracture (arrow); (B) anterolateral
ligament and its location (arrow); (C) ALL insertion avulsion fracture repaired with a spider plate
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Figure 2

Male (48 year old) with blunt injury to the knee. (A) Preoperative X - ray showed a distal femoral fracture
with ALL tibial avulsion fracture (arrow). (B) Preoperative CT showed distal femoral fracture and ALL
tibial avulsion fracture fragment (arrow). (C) Postoperative radiographs demonstrating satisfactory
reduction of the distal femoral fracture and the ALL tibial avulsion fracture (arrow).
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Figure 3

Male (41 year old) with injury mechanism of fall from height. (A) Preoperative X - ray showed a tibial
plateau fracture with an ALL tibial avulsion fracture (arrow). (B) Preoperative CT once again showed the
ALL tibial avulsion fracture (arrow). (C) Postoperative radiographs after reduction and �xation of the ALL
tibial avulsion (arrow) and medial plating of the tibial plateau fracture.


