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Isolated PCL Avulsion from the Tibial Attachment:
Residual Laxity and Function of the Knee

after Screw Fixation
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Objective: To identify the posterior laxity of the knee after PCL fixation and to correlate the findings with the
functional outcomes using the standard evaluation systems.
Material and Method: Ten isolated PCL avulsions from tibial attachment were enrolled. The operation was
done within 16 days after injury. Anatomical reduction and internal fixation with a screw of the avulsion
fragment was done under direct vision and was confirmed by radiographs. The follow up evaluation was done
at an average of 40 months after the indexed surgery.
Results: Injured-normal side laxity difference at an average of 2.4 mm was observed. According to IKDC knee
ligament standard evaluation, two knees were graded normal and eight knees were graded nearly normal.
The average Lysholm score was 91. Two knees were graded as an excellent outcome and 8 knees were graded
good outcome.
Conclusion: Despite mild laxity in the injured knee, the functional outcomes after fixation of the PCL avulsion
were good to excellent.
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The posterior cruciate ligament (PCL) is the
main restraint against posterior translation of the tibia
on the femur(1). It also resists internal rotation of the
tibia on the femur because it winds around the anterior
cruciate ligament(2). The PCL does not attach to the
posterior tibial spine but rather to a fovea 1 cm
below the tibial plateau(2). The so-called “isolated” PCL
avulsion from the tibia is not a common injury to the
knee(3). Anatomical reduction and fixation of the
avulsed fragment with a screw is the treatment of
choice for this injury. A mild degree of posterior laxity
of the knee after such operation had been detected.
At the time this study started, there was no report
concerning the amount of posterior knee laxity
correlating with the knee functions after treatment by

this surgical procedure. If the laxity significantly
affects the knee function, modification of the current
treatment protocol may be necessary.

The purposes of this study were to evaluate
the amount of the posterior knee laxity and the
knee functional outcome after treatment with open
reduction and internal fixation of the PCL avulsion
with a screw.

Material and Method
Consecutive cases of acute isolated PCL

avulsion from the tibia that underwent open anatomical
reduction and internal fixation with a screw at Lerdsin
General Hospital between January 1997 to April 2002
were retrospectively reviewed (Fig. 1). The exclusion
criteria were delayed treatment more than 3 weeks,
follow-up less than 18 months, associated injury to
the same knee, and patients who did not achieved
anatomical reduction of the fragment.
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Twenty-one patients had PCL avulsion from
the tibia. Six patients had associated medial collateral
ligament injury, one patient had associated postero-
lateral ligament complex injury, one patient underwent
surgery 3 months after injury, and three patients had
follow-up less than 18 months. Therefore, ten patients
were enrolled in this study.

Anatomical reduction and internal fixation with
a screw was done by one surgeon in all 10 patients.
The operation was done within 16 days (average, 10
days) after injury. Radiographs of the knee had been
taken immediately after operation. Each patient obtained
measurements for posterior laxity and evaluation of
the knee function at an average of 40 months (range,
22-58 months) after the indexed surgery.

Surgical technique and post-operative care
The patient was placed prone. A gently

curved incision was made proximal to the flexion
crease of the knee and curve to the medial aspect of
the gastrocnemius muscle. An interval was bluntly
developed between medial border of the gastrocnemius
and the semimembranosus tendon, exposing the
posterior joint capsule. A vertical incision was made
through the posterior capsule to expose the tibial
attachment of the posterior cruciate ligament. Blood
clot was removed from the crater. The avulsed tibial
attachment of the PCL was brought back to its
anatomical position. The avulsed fragment was
internally fixed with a 30-mm partially thread 4-mm
cancellous screw. The screw did not purchase the far
cortex. A spike washer might be needed if the avulsed
fragment was small. The capsular incision was sutured.

The gastrocnemius was allowed to settle into position.
The subcutaneous layers were approximated. The skin
was closed in a routine fashion.

The operated limb was immobilized in a
long leg cast with the knee fully extended for 6 weeks.
Non-weight bearing on crutches was allowed.
Isometric quadriceps exercise in the cast was initiated
immediately after surgery. At 6 weeks, the cast was
removed and the patient was allowed to walk without
crutches.

Measurement of the posterior laxity
KT1000 arthrometry measurement of the

quadriceps active test described by Daniel et al(4)

was done with the knee at 90 degrees flexion in both
the injured and the normal knees. The mean of three
measurements for each patient was reported.

Evaluation of the knee function
The functions of the knees were evaluated

after the fracture healed using two evaluating systems:
the international knee documentation committee
(IKDC) knee ligament standard evaluation form(5)

(Fig. 2, 3) and Lysholm knee score(6) (Fig. 4). The IKDC
standard knee evaluation form was published by Hefti
et al in 1993(7) and revised in 1994(5). It contains patient
demography, activity, previous surgery, meniscal status,
and eight groups of evaluation (patient subjective
assessment, symptoms, range of motion, ligament
examination, compartment findings, harvest sight
pathology, x-ray findings, and functional test). Four
functional grades were applied: A = normal, B = nearly
normal, C = abnormal and D = severely abnormal. The
Lysholm knee score is a condition-specific outcome
measure that contains eight domains: limp, locking, pain,
stair climbing, use of supports, instability, swelling,
and squatting. An overall score of 0 to 100 points is
calculated, with 95 to 100 points indicating an excellent
outcome, 84 to 94 points, a good outcome, 65 to 83
points, a fair outcome, and < 65 points, a poor outcome.

Results
There were six males and four females. The

mean age at injury was 30 years old (range, 15-43
years). There were eight motorcycle injuries and two
dashboard injuries as shown in Table 1.

The mean injured-normal side laxity difference
was 2.4 mm (range, 1-4 mm). Five of 10 knees had
injured-normal side laxity difference of more than 2 mm.
According to IKDC knee examination, two knees had
normal knee function and eight knees had nearly

Fig. 1 Acute isolated PCL avulsion from tibia after open
anatomical reduction and internal fixation with a
screw
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Fig. 2 The 1993 International Knee Documentation Committee Knee Ligament Standard Evaluation form

normal knee. There was no patient with abnormal or
severely abnormal function. The mean Lysholm score
was 91 (range, 85-100). Following Lysholm scoring
system, two knees were graded excellent and eight
knees were graded good.

Statistical analysis
The patients were divided into two groups

according to the amount of the posterior displacement.
Group 1 consisted of five patients with posterior laxity
of 2 mm and less. Whereas, group 2 consisted of five
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patients with posterior displacement of more than 2 mm.
Fisher exact test demonstrated that knee functions
evaluated with both the IKDC standard knee evaluation
and the Lysholm knee score were not statistically
dependent with the amount of knee laxity (p = 1.000).

Discussion
Injury to the posterior cruciate ligament

(PCL) is not common. Avulsion of the tibial attachment
of the PCL is less frequent and found more often in
the older age group(8). The so-called “isolated” PCL is

Fig. 3 Instructions for using the form
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Fig. 4 Lysholm knee score

often  overlooked. In these cases, the presence of
ecchymosis and abrasions on the anterior surface of
the proximal tibia are suggestive of this injury. Clinical
examination confirms a posterior sag and a positive
posterior drawer test(3). One must always compare
the injured knee with the opposite knee to avoid
erroneous diagnosis of positive anterior drawer sign.

Marked subluxation may be observed by viewing
the profile of the knee, but if there is only slight
posterior tibial subluxation or if there is swelling
around the knee, the subluxation may not be
appreciated. The quadriceps active test may be more
useful to distinguish an anterior from a posterior
laxity(4).
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Radiographs show a fragment of bone
detached from the back of the intercondylar space of
the tibial plateau. It may be only slightly displaced, or
it may be pulled upwards and rotated. Although,
surgical indications for midsubstance tear of PCL
remains controversial, surgical fixation of the PCL
avulsed fragment is the accepted treatment of choice
in PCL avulsion fractures(9-11). Conservative treatment,
with even a small amount of distraction of the fracture
components, commonly results in nonunion and
may predispose to late functional instability of the
knee(3,12,13). If the fragment is large enough, screw
fixation should be preferred to pulled-out suture
or simple suture the fragment to the surrounding
tissue(2,12). Similar to other fractures, early fixation of
the fragment yields better results.

In our cohort, the mean posterior knee
displacement was found to be 2.4 mm at 90 degrees
flexion. The cause of laxity after injury to the PCL has
long been questioned. Associated meniscal injury
might be one of the causes of knee laxity. At the time
this study was performed, the magnetic resonance
imaging and the arthroscopic examination were not
routine and was very expensive. The patients did not
receive such investigations. From the studies of
Griffith et al(8), Inoue et al(14), Berg(15), and Zhao et al(16),
MRI and arthroscopic examinations of the knees with
avulsion of the tibial attachment of the PCL showed no
patient with associated meniscal injury. A PCL injury
usually occurs on an unloaded foot; therefore, the
axial loads required to damage the meniscus are

rarely present. Shelbourne et al(10) hypothesized
that PCL laxity allows the tibia and the menisci to shift
posteriorly, which puts the menisci in a non-weight
bearing position and prevents meniscal tears.

From a pathomechanic study, the associated
posterior capsule injury is less likely the cause of
this posterior laxity(17). The presence of the residual
posterior laxity suggested that posterior cruciate
ligament avulsion fracture should be address not only
as a purely bone injury, but also as a bone-ligament
injury. This idea cannot be supported by a MRI study
of PCL avulsion patients(14). In Inoue et al study(14),
patients with or without occult midsubstance injury to
the PCL at the beginning, which was detected by
MRI, had no difference in residual posterior laxity
after anatomical reduction and internal fixation of the
avulsed fragment. We thought that at the time of
injury, the PCL substance might be loaded until its
property passed the yield point before the bone
avulsed. Thus, the PCL had permanent plastic
deformation. The changes of the property of the
PCL cannot be detected by MRI. MRI findings of a
healed PCL did not correlate with those of clinical or
functional status(18). MRI scans obtained by Tewes
et al(18) within 10 weeks of injury showed that the
clinically lax PCL was an intact continuous structure
of homogenous low signal intensity, which is very
different from the MRI appearance of the ACL. The
ACL is usually ruptured and edematous when injured.

To reduce the posterior laxity, Berg(15)

reported recession of the avulsed PCL fragment deep

Number       Age Gender Cause of Time before Time from surgery    KT1000 IKDC Lysholm
   (years)   injury     surgery  to knee evaluation arthrometry Grade score

     (days)         (months)      (mm)

1 43    M   MCA      9        22    1     B   85
2 15    M   MCA    13        27    4     B 100
3 35    M   MCA    10        33    3     B   86
4 28    M   D      4        41    3     B 100
5 29    F   MCA    16        36    2     A   90
6 33    F   MCA      7        51    4     B   90
7 33    F   D      8        39    2     B   91
8 30    F   MCA    16        36    3     A   90
9 27    M   MCA      9        58    1     B   86
10 22    M   MCA    10        55    1     B   90
Mean (range) 30 (15-43)    10 (4-16)        40 (22-58)    2.4 (1-4)   91 (85-100)

Table 1. Descriptive data: age, gender, cause of injury, time before surgery, time from surgery to knee evaluation, arthrometry,
and functional score

F = female, M = male, MCA = motorcycle accident, D = dashboard injury, A = normal, B = nearly normal
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into the tibial crater to make the ligament tighter in PCL
avulsion injury patient. In that series, a case of motor
vehicle accident with undetected PCL avulsion from
the tibia received re-approximation of the fragment with
a screw and spiked washer to a 2 mm recess made within
the tibial PCL foot print four months after injury(15).
This patient had an excellent result 5 years after
surgery. However, not all of the cases in the series
showed good results. The other two patients came
with knee pain and increase posterior knee laxity after
injury. The MRI images showed intact PCL. The PCL
recession procedures were done 5 months after injury.
The laxity measurements improved in those patients;
however, normal joint kinematics was not restored.
If the knee function does not reach a certain level
before interfering with a patient’s activity, a recession
procedure may not be needed.

All of the patients in this study had excellence
and good knee functions despite subtle posterior
laxity. No correlation between the knee laxity and the
knee function could be statistically demonstrated.
Piedade and Mischan(19) reported twenty out of
twenty-one patients after surgical treatment of
avulsion fracture of the PCL from tibial attachment had
posterior laxity of at least 5-10 mm. It is surprising that
even in the group of patients with more posterior knee
laxity than this series, there were also excellent and
good outcomes measured with the Lysholm score.

Conclusion
Despite mild laxity in the injured knee, the

functional outcomes after fixation of the PCL avulsion
were good to excellent. The recession of the avulsed
fragment was not a necessary procedure for treatment
of the isolated PCL avulsion.
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ความหลวมของข้อและประสิทธิภาพการใช้งานของข้อเข่าภายหลังการผ่าตัดตรึงกระดูกจุดเกาะ
เอ็นไขว้หลังของข้อเข่าท่ีแตกจากกระดูกทิเบียด้วยสกรู

ปริยุทธ์ิ  เจียรพัฒนาคม, เจริญชัย  พากเพียรไพโรจน์, ประเสริฐ  หล่ิวผลวณิชย์, ขรรค์ชัย  มลังไพศรพณ์

วัตถุประสงค์: เพื่อวัดความหลวมของเข่าที่มีจุดเกาะเอ็นไขว้หลังของข้อเข่าแตกจากกระดูกทิเบีย ภายหลังการผ่าตัด
ตรึงกระดูกด้วยสกรู โดยใช้เครื ่อง arthrometer และศึกษาประสิทธิภาพการใช้งานของข้อเข่าดังกล่าวโดยใช้
แบบประเมินเข่า IKDC knee ligament standard evaluation และ Lysholm score
วัสดุและวิธีการ: ศึกษาในผู้ป่วยโรงพยาบาลเลิดสิน 10 คนที่มีจุดเกาะเอ็นไขว้หลังของข้อเข่า แตกจากกระดูกทิเบีย
แต่เพียงอย่างเดียว โดยไม่มีการบาดเจ็บของเนื้อเยื่อส่วนอื่นของเข่า ผู้ป่วยเหล่านี้ได้รับการผ่าตัดภายใน 16 วัน
หลังจากบาดเจ็บ โดยการผ่าตัดยึดชิ้นกระดูกจุดเกาะเอ็นไขว้หลังด้วยสกรูกลับเข้าที่ตำแหน่งทางกายวิภาคเดิม
ผู้ป่วยทุกคนจะได้รับการประเมินเข่าหลังการผ่าตัดโดยเฉลี่ย 40 เดือน
ผลการศกึษา: พบการเคล่ือนของกระดูกทิเบียไปทางด้านหลังได้ต้ังแต่ 1 ถึง 4 มิลลิเมตร มีค่าเฉล่ีย 2.4 มิลลิเมตร
จากการวัดความหลวมโดยเครื่อง KT1000 arthrometer ประสิทธิภาพของเข่าวัดตามแบบประเมิน IKDC พบผู้ป่วย
2 คนจัดอยู่ในกลุ่มปกติ ผู้ป่วย 8 คนจัดอยู่ในกลุ่มใกล้เคียงปกติ เมื่อวัดประสิทธิภาพของเข่าวัดตามแบบประเมิน
Lysholm พบว่าได้ค่าเฉล่ีย 91 ผู้ป่วยถูกจัดอยู่ในกลุ่มดีเย่ียม 2 คน อยู่ในกลุ่มดี 8 คน
สรุป: แม้จะได้รับการผ่าตัดยึดชิ้นกระดูกจุดเกาะเอ็นไขว้หลังกลับสู่ตำแหน่งเดิม ยังพบมีความหลวมไปทางด้านหลัง
เล็กน้อยของข้อเข่าข้างนั้น แต่ประสิทธิภาพการใช้งานของข้อเข่าอยู่ในเกณฑ์ปกติหรือใกล้เคียงปกติ


