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Abstract

Purpose Tibial-side avulsion injuries of the posterior cruciate ligament are rare injuries. In displaced fracture, the reduction
and fixation is the treatment of choice, although the optimal surgical management has not yet been determined. The aim of
this study was to evaluate the clinical, functional, and radiological outcome after an open reduction and internal fixation
with staples of a posterior cruciate ligament tibial avulsion.

Methods A historical cohort of patients who underwent open reduction and internal fixation with staple due to a posterior
cruciate ligament tibial avulsion were reviewed. Minimum follow-up was 2 years. Demographic, clinical, and radiological
data, including stress X-ray, were analyzed. Also, International Knee Documentation Committee Score, Tegner Knee Score,
Lysholm Knee Score, Short-Form Health Survey, and four-point Likert scale were evaluated.

Results Four males (57%) and 3 females (43%) were included in the final analysis. The mean age was 39 years (range 27-54).
All patients had a fracture union. No implant migration was observed. Postoperative posterior drawer, reverse pivot shift,
and varus/valgus stress were negative. In stress TELOS X-ray, no statistically significant differences were observed between
the postoperative and contralateral knee. All evaluated scores had good or excellent results.

Conclusions Our study provides further evidence that the use of an open reduction and internal fixation with a staple could
be a simple and reliable management for posterior cruciate ligament avulsion fractures of the tibia. In our study, the postop-
erative stress TELOS X-ray analyze showed a correct fixation and biomechanical function of the posterior cruciate ligament.
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Introduction bony avulsion fractures are usually considered rare injuries

[3]. The general consensus is that surgical treatment of dis-

Posterior cruciate ligament (PCL) is the stronger of the two
cruciate ligaments of knee and have a major role in stabiliz-
ing the knee joint [1, 2]. Although, in countries like China
and India in which motorcycle accidents are frequent, PCL
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placed tibial avulsion fractures of the PCL is regarded as
necessary to achieve anatomic reduction, restore proper ten-
sion to the ligament and achieve knee stability, to prevent
delayed osteoarthritis and permanent knee pain [1, 4, 5].
Several open surgical approaches and arthroscopic tech-
niques have been described for treating these fractures [4,
5]. Although arthroscopic surgical fixation is more popular
nowadays, open reduction is an acceptable procedure due to
its safety, facility, direct visualization of the fracture site, and
perfect anatomic reduction. Moreover, arthroscopic repair
is technically more challenging, requires specialized equip-
ment, and has a long learning curve, and the fracture fixation
is potentially unstable [4, 6, 7]. On the other hand, there is
a wide variety of materials available for internal fixation,
including plates, staples, lag screws, steel wires, absorb-
able screws, suture anchors, and straddle nails [5, 8-11].
All these types of fixation have shown favorable results;
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however, the comminution of the fracture presented in the
50% of cases can make not only the reduction a difficult
task but also the stable fixation [11]. Nowadays, none of the
surgical managements has been considered a gold standard
for avulsion fractures of the PCL [4, 5].

Stress radiography is a widely used diagnostic tool that
provides objective quantification of knee ligament stability
[12]. However, in the current literature, only several reports
have use stress X-ray to measure the laxity of the PCL after
this kind of surgery [2, 4, 7]. The aim of our study was to
evaluate the clinical, functional, and radiological outcome
after open reduction and internal fixation of tibial avulsion
injuries of the PCL using staples. We hypothesized that by
using an easily available implant and a simple approach a
good clinical and functional outcome is obtained. Further-
more, a review of the literature of this disease and its surgi-
cal treatment has been performed.

Materials and methods

A retrospective case series study was performed. Institu-
tional review board approval was obtained to retrospectively
review patients who had undergone surgery because of a
posterior cruciate ligament tibial avulsion between 2005
and 2012. Patients were identified through our institutional
registry. The inclusion criteria were: (a) patients were
aged > 18 and < 65 years. (b) Patients who had fracture dis-
placement >3 mm. (c) patients who underwent open fixation
with staples. (d) Patients with acute fracture and surgery
done in the first 4 weeks after the injury. (e) Patients with a
minimum follow-up of 2 years. Patients with conservative
treatment, chronic fractures, other type of fixation, or incom-
plete clinical data were excluded. Diagnosis in all patients
was based on clinical, X-ray, CT, and MRI. These examina-
tions allowed us to find associated knee injuries.

Surgical procedure

A single team of knee orthopedic surgery specialists (EC,
JM) performed all surgeries. Under spinal/epidural anesthe-
sia, a pneumatic tourniquet was placed around the thigh,
and it was occasionally inflated. The patient was turned in
prone position with the knee in mild flexion. Skin vertical
incision was made over the posterior aspect of the knee with
optional horizontal extension. We performed the posterior
approach described by Burks and Schaffer [13]. Blunt dis-
section was done in the plane between the medial head of
the gastrocnemius and semitendinosus down to the joint cap-
sule. Subsequently, a partial disinsertion of the medial head
of the gastrocnemius and retraction of the gastrocnemius
laterally was done. The retraction of the gastrocnemius later-
ally allowed the protection of the neurovascular structures.
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Vertical incision was made through the capsule, exposed the
bony structures of the knee, including the tibial attachment
of the PCL. With a direct visualization of the fracture, an
anatomy reduction and an internal fixation with one or two
staples were performed. Two staples were used in the cases
when we observed, intraoperatively, bone fragments that
were not stabilized correctly with only one staple. In some
patients, the surgery treatment of additional lesion was done
in the same surgery or in a two-stage operations.

Postoperatively, all patients started the same physical
rehabilitation program. In the first 6-week phase, patients
were immobilized with a blocked orthosis in extension and
a limited weight bearing were allowed. Also isometric con-
tractions, emphasized on quadriceps and hamstring stretch-
ing, were done. In the second phase, patients started full
weight bearing and passive and active range motion exer-
cises were performed. By the third month, when consolida-
tion of the fracture and stability of the knee was observed,
the orthosis was removed. Clinical and union assessment
by X-ray was done in all cases by knee orthopedic surgery
specialist.

Follow-up and outcome measures

Patient’s demographic, clinical, and radiological data were
collected preoperatively, postoperatively, and during the fol-
low-up period (1, 3, 6, 12, and 24 months postoperatively).
The latest data from each patient were used for analysis.
Demographic and clinical data included: patient’s age at
the time of surgery, gender, injury mechanism, range of
motion, and ligament instability assessed using the posterior
drawer test, varus—valgus stability test at 30° knee flexion
and reverse pivot-shift test on both knees. In addition, at
final follow-up, the subjective International Knee Docu-
mentation Committee (IKDC) Score (0-100; < 65 =poor,
65-83 =fair, 84-90 = good; > 90 = excellent), the
Lysholm Knee Score (0-100; < 65 =poor, 65-83 =fair,
84-90 = good; > 90 = excellent), and the Tegner Knee
Score (0-10; O=on sick leave/disability) were collected.
To assess quality of life and patient satisfaction at final
follow-up, we used the Short-Form Health Survey (SF-36)
questionnaire (0—100) and the five-point Likert scale (very
unsatisfied, unsatisfied, neutral, satisfied, and very satisfied).
The four physical SF-36 components (physical functioning,
role limitations due to physical health, bodily pain, and gen-
eral health) and the four mental components (vitality, social
functioning, role limitations due to emotional problems, and
mental health) along with their respective summary com-
ponents were calculated. All scores were measured by the
same observer, a knee orthopedic surgery specialist (DM).
Radiological analysis included an anterior—posterior
and a lateral X-ray in the healthy and injured knee. After
12 months, a comparative stress X-ray were performed.
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The first radiograph was a lateral decubitus X-ray with
the knee in 90° of flexion, and the second X-ray was in
the same position with the applied of a 20 kPa in the ante-
rior region of the proximal tibia by a Telos GAII (Telos,
Weterstadt, Germany) as described by Margheritini et al.
[14]. The measurement of the posterior displacement
of the tibia was made with the anatomical references
described by Jacobsen and Staubli on the femur [15]. Due
to the interposition of the staples, it was not possible to
use the reference in the tibia described by the authors.
Two parallel lines were traced on the posterior cortex
margins of the tibia, and measured the distance between
the two lines (Fig. 1). A translation of more than 3 mm
was considered pathological [15].

Statistical analysis

Descriptive statistics were used to present the results by
mean, median and range. The quantitative variable of dis-
placement in the stress X-ray were compared between the
injured knee and the contralateral healthy knee by the
nonparametric Mann—Whitney U test. A boxplot diagram
was used to represent the distribution of the cases with
respect to the TELOS in the injured knee and the con-
tralateral knee. Statistical analysis was conducted using
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA).
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Fig. 1 Radiographic measurement of the posterior displacement of
the tibia. a Stress radiograph to assess the posterior translation of the
tibial plateau. A line is drawn tangent to the medial tibial plateau.
Next a line is drawn perpendicular to the tangent to the medial tibial
plateau and passing through the posterior cortex of the tibia shaft.

Results

Among 11 patients, only seven met our inclusion criteria and
were available for analysis (Table 1). Undisplaced fractures
were excluded (4 cases) because the indication for surgery in
such cases is questionable. There were four males (57%) and
three females (43%) with a mean age of 39.6 years (range
27-54 years) at the time of surgery. The mean follow-up
was 41.4 months (range 25-97 months). The most com-
mon mechanism of injury was road traffic accident (58%)
with a majority involving motorcycle accident, followed by
fall (28%) and sports-related injury (14%). Four patients
presented a comminution fracture (58%). Five cases had
associated knee injuries like meniscal injury, open patellar
fracture, tibial plate fracture, femoral shaft fracture, rupture
of the anterior cruciate ligament (ACL), or rupture of the
lateral collateral ligament (LCL).

Mean time between injury and surgery was 11.4 days
(range 6-26). The fragment fixation was carried out with two
staples in four patients and one staple in the remaining cases.
In any case, there was an intraoperative complication. In the
postoperative period, two patients presented complications:
1. The second patient, presented a complex regional pain at 4
postoperative weeks. 2. The seventh patient, who had also an
ACL rupture and meniscal injury, presented an arthrofibro-
sis. This patient required arthrolysis under sedation 6 months
after the intervention. She presented an improvement in flex-
ion from 90° to 130°. Despite the complications, one year
after surgery, all patients showed fracture union.

Subsequently, another line is drawn passing through the posterior
aspect of medial femoral condyle. The posterior translation is then
calculated by measuring the distance between the two perpendiculars
drawn. b Postoperative anterior—posterior radiograph

@ Springer



886

European Journal of Orthopaedic Surgery & Traumatology (2019) 29:883-891

Table 1 Demographic information of the patients in our study

No. Age (years) Gender Mechanism of injury Associated injuries Interval Num- Complications  Follow-up
to surgery ber of (months)
(days) staples
1 54 M Road traffic accident Open patellar fracture and rupture of 6 2 None 27
the LCL
2 51 F Fall Foot pain 10 1 Complex 28
regional pain
syndrome
3 34 F Fall None 16 2 None 28
4 41 M Road traffic accident Tibial plate fracture 13 1 None 58
5 39 M Road traffic accident None 6 2 None 27
6 27 M Road traffic accident Femur shaft fracture and tibial plate 7 2 None 25
fracture
7 31 F Sports-related ACL rupture and meniscal injury 22 1 Arthrofibrosis 97
No number, M male, F female, LCL lateral collateral ligament, ACL anterior cruciate ligament
Table 2 Scores of the measurement scales and the results of measurement of TELOS test
No. PhysicalSF-36 Mental SF-36 Total SF-36 Lysholm Tegner Tegner IKDC TELOS in TELOS in Comparative
preopera- postopera- health knee injury knee difference
tive tive (mm) (mm) (mm)
1 91.7 91.1 91.6 86 6 4 81.6 0.2 0.2 0
2 86.9 85.7 854 85 4 2 877 0.2 1.2 1
3 90.5 89.3 89.3 98 3 3 90.1 1.1 1 0.1
4 905 91.1 91.1 100 5 4 96.6 0.6 2.5 1.9
5 88.1 94.6 94.6 99 6 5 874 1.5 1.5 0
6 89.3 92.9 92.9 87 9 5 852 1.5 0.4 1.1
7 88.1 87.5 87.5 83 6 2 89 1.3 1.8 0.5

SF-36 36-Item Short-Form Health Survey, IKDC International Knee Documentation Committee, mm millimeter

Clinical tests of posterior drawer, reverse pivot shift,
and varus—valgus stress at 30° knee flexion were nega-
tive in all patients. The median and range of the differ-
ent questionnaires were: IKDC: 88.2 (range 87.7-96.6),
Lysholm: 91.5 (range 85-100), Tegner preoperative score:
5.6 (range 2-9) and postoperative score: 3.6 (range 2-5).
The median in the quality of life questionnaire SF-36
was 89.2 (range 85.4-91.6), in the physical component
89.3 (range 86.9-91.7) and in the mental component 90.3
(range 85.7-94.6). Patient satisfaction score were very sat-
isfied in five cases and satisfied in the remaining. Stress
radiographic study with Telos GAII showed a median
distance of 1.2 mm (range 0.2—-1.4 mm) in the healthy
knee and 1.1 mm (range 0.2-2.5 mm) in the injured knee
(Table 2). In our series, a translation of more than 3 mm
was not obtained in any patient. The boxplot shows the
representation of all the cases of the injured knee and the
contralateral knee. We can see the similarity between the
injured knee and the contralateral knee group (Fig. 2).
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Fig.2 Boxplot diagram of the stress radiographic study with Telos
GAIL In the stress radiographic study with Telos GAII, when we
compare the postoperative knee with the healthy contralateral knee,
no pathological translation is observed. In our series, a translation of
more than 3 mm was not obtained in any patient
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Discussion

There are currently a variety of treatment approaches for
PCL avulsion fractures; however, the optimal surgical
management have not been determined yet [4, 5]. Stress
radiography is a widely used diagnostic tool that pro-
vides an objective quantification of knee ligament stabil-
ity, although in the current literature only several reports
have used this tool to analyze the laxity of the PCL after
this kind of surgery [2, 4, 7]. The aim of our study was to
evaluate the clinical, functional, and radiological outcome
after open reduction and internal fixation of tibial avulsion
injuries of the PCL using staples.

A review of the literature on the subject reveals many
clinical cases and short heterogeneous series [1-3, 6-11,
13, 16-31] (Table 3). Even the different approaches
described [13], we used the posteromedial approach
described by Burks and Schaffer in all patients without
intraoperative complications. The direct visualization
of the fracture site with this approach provides several
advantages. Not only simplifies reduction and fixation of
the fracture with staple, but also permits us to locate the
staple perpendicular to the plane of the fracture, which is
important for the success of the treatment [24]. In recent
years, several publications have reported good results with
arthroscopy, however, the current literature suggests that
each surgical approach (open vs. arthroscopic) renders
similar outcomes for patients with displaced tibial-sided
PCL avulsion fractures [4, 6, 7]. It has been published that
the most common reason to recommend the arthroscopic
approach has been the complexity of classic approaches
and the risk of injury to neurovascular structures in the
popliteal region [4-7]. In our experience, the Burks and
Schaffer approach avoids dissecting the neurovascular
structures and allow to protect these structures by the mus-
cle belly of the gastrocnemius, which is why we found that
the risk of neurovascular injury is lower.

There is also a controversy regarding the ideal fixation
method. Nowadays, a wide variety of devices for internal
fixation have been reported [4, 6-9, 11, 16, 17]. Screw
fixation has been the most common method used and has
shown favorable results; however, the comminution of the
fracture presented in more of the 50% of cases can make
not only the reduction a difficult task but also the stable
fixation [4, 11]. Conventional screws may not fix the frac-
ture fragments firmly enough and can lead to fragmenta-
tion of the bones [11]. For that reason, some studies have
used toothed plate or have combined screw with suture
and anchor systems [3, 4, 11]. In our experience, the size
of the fragments or the presence of comminution was
not problems to achieve a correct reduction and a stable
fixation with the use of staples. The size (8 or 11 mm) or

number of staples (one or two) used to repair the fracture
depended on the size and fragmentation of the fracture.
At 1 year postoperative follow-up, all cases had a success-
ful bone union. The complications in our series were an
arthrofibrosis in a patient that have had several associated
lesions and, another case with a complex regional syn-
drome in a patient who manifested pain prior to surgery on
the ipsilateral foot and without a diagnosis of local injury.
We believe that these complications are not related to the
technique or surgical procedure. Moreover, these compli-
cations have been reported in other series [4].

The results of surgical treatment in our series were
assessed with clinical and radiographic tests that dem-
onstrated a competent PCL. Like some other studies
reported, in our study the questionnaires of functional
assessment, quality of life and patient satisfaction reported
good or excellent scores [3, 6, 7, 10, 11, 13, 17, 18, 21,
23,26, 29-31]. In our study, we have a two-point decrease
in the median of the Tegner scale, which compares sports
activity before and after the injury. We believe that this
decrease may be related to the fear of suffering a new
knee injury since the scores on the other functional scales
(generic scale of quality of life, and patient satisfaction)
are high. Posterior drawer and the reversed pivot shift were
both negative in all our patients. These tests are the best
clinical tests to detect the competence of the LCP and the
joint competition with the posterolateral complex, respec-
tively [4, 5]. It is important to assess the competence of
the posterolateral complex due to its association in 60% of
PCL lesions [4]. In our study, only one patient presented a
joint lesion of the posterolateral complex. Our study dif-
fers from other studies because in most of the studies the
competence of the fracture union is not evaluated with
stress radiographs. To our knowledge, only 2 studies have
used this method of evaluation [2, 7]. In our study, the
stress radiographic demonstrated the competence of the
LCP, with a posterior displacement difference of the tibia
less than 2 mm compared with the contralateral knee.

One of the limitations of this study is the retrospective
nature of our study as well as its relatively small sample
size that might limit the scope of the findings reported
here. Our series is short because it is a rare pathology
in our environment. In our article, from the 26 articles
reviewed, only 2 were done in an European country [17,
19]. Even, if we reviewed arthroscopic treatment of this
injury, to our knowledge, only 2 reports in Europe were
done [32, 33]. Moreover, nowadays in the literature, the
biggest study only reported 31 patients [1]. It is impor-
tant to highlight that our study is the biggest series of
cases of patients with PCL tibial avulsion treated with
staple fixation. Most all study have used screw fixation
[4, 5]. We believe that a multicenter long-term follow-up
of patients will needed to determine which approach and
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which methods of fixation is the best in the management
of this injury.

In summary, our study provides further evidence that the

use of an open reduction and internal fixation with staples
could be a simple and reliable management of posterior cru-
ciate ligament avulsion fractures of the tibia. In our study,
the patients present good outcomes with no clinical insta-
bility and correct values of the tested scores. Also postop-
erative stress TELOS X-ray showed a correct fixation and
biomechanical function of the posterior cruciate ligament.
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