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Abstract 
Background: Many of the knees affected by rupture of the posterior cruciate ligament (PCL) lack their desirable function. 
Researchers are currently seeking surgical procedures for treating PCL rupture, which can offer a reliable degree of objective 
and subjective knee stability after surgery. This study assesses the results of anatomical reconstruction of PCL using graft from 
the tendon of the quadriceps muscle. 

Methods: This is a descriptive prospective study involving 14 patients with clinical diagnosis of PCL rupture. The patients 
complained of knee discomfort in spite of conservative treatment and many sessions of physiotherapy. Subjective symptoms of 
knee instability, i.e. giving way, pain after long walks and pain during climbing, as well as objective knee instability symptoms 
as assessed by posterior drawer test at 30° and 90° knee flexion, and neutral rotation were recorded and compared prior to and 
after surgery. The procedure entailed anatomical reconstruction of PCL using grafts taken from the tendon of quadriceps mus-
cle and part of proximal patella.  

Results: Two patients were excluded from the study due to their failure to refer for follow-up. The patients included 11 men 
and 1 woman with a mean age of 23 years. The patients displayed statistically significant improvement after surgery as regards 
subjective symptoms, i.e. giving way, pain after long walks and pain in climbing. Objective knee instability symptoms as 
evaluated by posterior drawer test at 30° and 90° knee flexion and neutral rotation also showed significant improvement com-
pared to pre-operation findings.  

Conclusion: Reconstruction of PCL is aimed at achieving normal knee kinematics and stability. The procedure used in this 
study entailed anatomical reconstruction of PCL. Given the objective and subjective results obtained, the use of this procedure 
is recommended by authors as the method of choice for reconstructing PCL. 
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esions of the posterior cruciate ligament 
(PCL) of the knee constitute between 3-20% 
of all knee ligament lesions1. Surgical treat-

ment of PCL lesions of the knee is surrounded by 
much controversy2. Many authors recommend con-
servative treatment for PCL rupture2. However, it is 
obvious that not all knee with PCL rupture regain a 
desirable level of function and long-term studies 
have shown that knee function deteriorates over 
time, especially in the presence of severe knee insta-
bility (i.e. grade III of knee joint function)3, 4, 5. Stud-
ies on the natural trend of PCL lesions without sur-
gical treatment have revealed that between 52% to 
70% of patients had knee pain in walking and stand-
ing, 20% experienced giving way and 36% displayed 

long term changes characteristic of osteoarthritis3. 
Osteoarthritic changes in affected knee correlate 
directly with the duration of time since the devel-
opment of lesion4. In one study on patients who 
underwent surgical reconstruction of knee liga-
ments, four years after sustaining the lesion, os-
teoarthritic changes of the medial compartment 
were seen in 90% of patients at the time of opera-
tion6. Hence, surgical correction of PCL lesions is 
recommended in young individuals in order to pre-
vent osteoarthritis and instability of the knee7, 8. 
Presently, researchers are seeking surgical proce-
dures, which result in better objective stability of the 
knee, to eliminate or delay the development of os-
teoarthritic changes6. 

 
* Associate Professor, Department of Orthopedics, Isfahan University of Medical Sciences, Isfahan, Iran. 
**Resident, Department of Orthopedics, Isfahan University of Medical Sciences, Isfahan, Iran. 
Correspondence to: Dr. Khalilollah Nazem, Department of Orthopedics, Al-Zahra Medical Center, Isfahan, Iran. 

L 

www.SID.ir



Arc
hi

ve
 o

f S
ID

Reconstructing PCL with Quadriceps Tendon  Nazem et al  

112                                                                            Journal of Research in Medical Sciences 2004; 3:111-115 

 Different procedures have been described for 
reconstructing PCL. Most studies have described 
the use of the gastrocnemius muscle, or the menis-
cus as replacement for PCL6. Presently, considerable 
controversies remain on the graft choice and fixa-
tion methods in PCL reconstruction9. Despite the 
functional improvement, current surgical techniques 
only have modest success in restoration of ligament 
stability in knees8. Investigators hypothesized that 
double-bundle grafts reconstruction of PCL demon-
strates a mechanical advantage compared to single 
bundle grafts10, 11 and restoring normal knee laxity 
compared to the conventional single bundle isomet-
ric reconstruction12. Some surgeons have recently 
used other types of grafts, such as the middle third 
of patellar tendon and hamstring tendon auto graft, 
or the Achilles tendon and patellar tendon allograft. 
These procedures entail partial anatomical recon-
struction of PCL7, 9, 10 (usually the anterolateral sec-
tion), or the use of graft from different locations 
(e.g. hamstring and patellar ligaments) for recon-
struction of both, anterolateral and posteromedial 
sections of PCL7. Disadvantages of the latter proce-
dure include:  
a) the need for obtaining grafts from two sites,  
b) the need for longer grafts (because the grafts 
must be passed through the tibial canal, hence the 
need for surgeons to determine the precise length of 
the graft prior to surgery), and  
c) the acute angle of the grafts at the tibial tunnel, 
has been implicated as a cause of graft failure13, 14. 
 In this study, we described a modification of a 
PCL reconstruction technique using a single double 
– bundle quadriceps tendon graft and the outcome 
of this procedure was determined as related to sub-
jective and objective knee symptoms. 
 
Materials and Methods 
Our study was descriptive and prospective, involv-
ing patients with the clinical diagnosis of severe 
chronic PCL tearing who had referred to the ortho-
pedics clinic of Al-Zahra hospital. These patients 
continued to complain of knee instability in spite of 
receiving conservative treatments such as physio-
therapy and underwent arthroscopy for treatment of 
meniscal tearing and other problems of the knee. 
None of the patients suffered from malalignment of 
the lower limbs. 

 The patients were adequately briefed on the sur-
gical procedure and their written consent was ob-
tained. 
 Patients’ data such as age, sex and type of 
trauma, as well as signs and symptoms of knee in-
stability were collected using questionnaires. Symp-
toms of knee instability such as giving way, knee 
pain after long walks (>1000 meters) were recorded. 
Pain in climbing (15 to 20 stairs) before and after 
the surgery was recorded as no pain, mild, moderate 
to severe and disabling pain. 
 Signs of knee instability were examined and 
graded by an attending professor of orthopedics 
using posterior drawer test at 90° flexion, neutral 
knee rotation and posterior drawer test at 30° flex-
ion and neutral rotation (grade I: posterior dis-
placement less than 5 mm, grade II: posterior dis-
placement of 5-10 mm, grade III: Posterior dis-
placement more than 10 mm). These data were en-
tered in the questionnaires.  
Surgical technique 
The patients were placed in the decubitus position, 
with the affected lower limb facing upwards. Prep 
and drape were applied to the lower limb in 45° ab-
duction, external hip rotation, and 90° knee flexion. 
Grafts were taken from the tendon of quadriceps 
muscle and part of proximal patella. The bony por-
tion of graft was 10-12 mm wide and 4-5 cm long. 
The tendinous section of the graft was 16 mm wide 
and had the full length of the quadriceps muscle 
tendon. The tendinous part of the graft was divided 
into two separate sections from the middle. Each of 
the two ends of the tendon were sutured with Vicryl 
thread # 1 using the Krackow method, leaving free 
the two ends of the thread to pass through the 
femoral tunnel. Drill # 2.7 mm was used to bore 
two holes in the bony portion of the graft for fixa-
tion. The remnants of PCL on the lateral surface of 
the medial condyle of femur in the intercondylar 
notch were exposed. There is a rounded ridge in this 
location with no PCL fibers originating from its 
posterior aspect. This ridge offers a very useful 
landmark for ascertaining the site of femoral tun-
nels. Two tunnels were bored in the intercondylar 
notch on the anterior aspect of the ridge. They were 
separated from each other with a 1-3 mm bony 
edge. The site of making the tunnels was determined 
using guide wire and was rimmed using an 8 mm 
rimmer. The tunnels’ were bored at 10:30 and 1:30 
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o’clock position of the intercondylar notch in the 
left and right knees respectively, posterior to the 
articular surface of the medial condyle of femur. 
The posterior tunnel should lay distal and posterior 
to the anterior tunnel. Care was taken to create the 
tunnel at the anatomical site of PCL exactly oppo-
site to the ridge of the medial condyle of femur. In 
the next stage the knee was extended and the pa-
tient’s bed was tilted towards the prone position. 
The popliteal fossa was then explored using the 
standard approach, exposing the anatomical site of 
PCL insertion on the posterior surface of the tibial 
plateau. The site was prepared for fixation of the 
bony section of the graft. Fixation of the graft was 
then conducted using two 4 mm cancellous screws 
of appropriate length. The site of incision was 
washed and the anatomical layers were repaired. The 
patient was returned to the lateral position. The 
tendinous part of the graft was passed through the 
femoral tunnels and the two ends of the threads 
were knotted to each other outside the tunnels at 
30-40 flexion, neutral rotation, and anterior drawer 
position of proximal tibia.  
 In the next stage, graft tension was tested at 90° 
flexion by neutral rotation and posterior drawer test. 
The surgical wound was cleaned and closed using 
the routine method. Posterior splint was then ap-
plied in complete knee extension. The knee re-
mained in complete extension for two weeks and 
the patients were allowed partial weight bearing us-
ing crutch. Rehabilitation continued similar to the 
other techniques for PCL reconstruction.  
 Signs and symptoms of knee instability were 
compared before and one year after the operation 
using MC Nemar and Wilcoxon statistical test. P 
values less than 0.05 were considered as statistically 
significant. Data were analyzed using SPSS 10.0. 
 
Results 
Fourteen patients (13 men and 1 woman) were stud-
ied. Two patients were excluded from the study due 
to failure to refer for follow-up. The patients had a 
mean age of 23 ± 8 years. Mechanism of injury in all 
cases was due to trauma.  
 Frequencies of patients with different degrees of 
symptoms of knee instability are summarized in ta-
ble 1. Before surgery, one patient felt slight pain, 9 
had severe pain and two patients complained of de-
bilitating pain after long walks. One year after sur-

gery, 10 patients had no complaints and 2 patients 
had slight pain after long walks, showing a signifi-
cant difference from their pre-operation state (P < 
0.05). 
 Before surgery, 7 patients had slight pain, 4 pa-
tients had severe pain and 1 patient complained of 
debilitating pain in climbing. One year after surgery, 
9 patients had no pain and 3 patients had slight pain 
in climbing, showing a significant difference from 
their pre-operation state (P < 0.05).  
 Before surgery, the giving way symptom was ex-
perienced by 9 patients and 3 patients did not have 
the symptom. Neither of the patients experienced 
giving way after surgery, showing a significant dif-
ference to the pre-operation state (P < 0.05). 
 Results of assessing objective stability of knee 
before and one year after surgery were as follows: 
 Posterior drawer test in 90° flexion and neutral 
rotation: Before surgery, all patients fell in grade III 
(>10 mm) posterior instability. After surgery, 5 pa-
tients fell in grade I, and 7 in grad II posterior insta-
bility, showing a significant improvement from their 
pre-operation state (P<0.05). All of patients had full 
range of motion after one year follow-up. We did 
not have any complications such as patellar fracture, 
decreased rang of motion and quadriceps tendon 
rupture. 
 
Discussion 
Theoretically, the posterior cruciate ligament func-
tions as two separate bundles. The anterolateral 
bundle of the ligament works essentially in knee 
flexion and the largest part of the posteromedial 
bundle serves in knee extension7, 15 – 17. When a sin-
gle graft is used, only one of the two bundles (prin-
cipally the anterolateral bundle) can be recon-
structed. Since most knee activity occurs below 70° 
of flexion, mere reconstruction of the anterolateral 
bundle of PCL places the graft under stress when 
the knee is flexed below the degrees in which the 
graft is under tension, ultimately resulting in its cy-
clic fatigue and lengthening7. Hence, both bundles 
of the ligaments must be reconstructed to activate 
dynamic stability of the knee in all degrees of flex-
ion. The function of the posteromedial and anter-
olateral bundles of PCL is assessed by conducting 
the posterior drawer test at 30° and 90° knee flex-
ion, respectively13. Presently, considerable contro-
versies remain on the graft choice and fixation 
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methods9. Most studies have reported procedures 
involving the use of graft from the gastrocnemius 
and hamstring muscles7. These procedures do not 
enable the anatomical reconstruction of PCL and 
the prepared graft is significantly weaker than graft 
taken from the middle third of the quadriceps ten-
don. In a study by Kennedy and Galpin, graft was 
taken from the gastrocnemius muscle7. Excellent 
and good results were obtained in this study in 80% 
of patients; however, posterior drawer test was posi-
tive for all patients after surgery. In general, the de-
gree of objective stability achieved in these studies 
has been far less than that of a normal PCL7. In an-
other study with single-bundle reconstruction of 
PCL the results were 68% satisfactory and 32% un-
satisfactory and complete restoration of ligament 
stability was observed in only 44% of the knees8. 
Despite the functional improvement, the currently 
devised surgical techniques show only moderate 
success in restoration of ligament stability in knees8. 
The investigators hypothesized that double-bundle 
graft demonstrates a mechanical advantage over sin-
gle-bundle graft10, 11. 
 In the new procedures, attempt has been made at 
achieving the anatomical reconstruction of PCL us-
ing multiple femoral tunnels and more than a single 
graft. These procedures meet biomechanical and 
clinical objectives; nevertheless, the obtained results 
come from the preliminary stages of the study. 
The procedure used in the current study is different 
from the latter described procedure in three major 
ways:  
1) anatomical reconstruction of PCL is achieved 
without the need for taking graft from two sites. 
2) since this procedure disposes of the need for 
passing the graft through the tibial canal, the length 
of graft required is less than that needed in other 
procedures, hence dispensing the need to conduct 
an accurate measurement of the length of graft prior 
to surgery.  
3) with this procedure, the acute angle of the graft at 
tibial tunnel improved. This acute angle has been 
implicated as a cause of graft failure. 
 As previously noted, all 12 patients in this study 
achieved considerable subjective relief after surgery; 

i.e. giving way and pain after long walks or in climb-
ing decreased notably compared to before surgery. 
Results of posterior drawer test at 30° and 90° knee 
flexion and neutral rotation also improved remarka-
bly. Improvement in knee function at 90° flexion 
was nevertheless more prominent. Better objective 
posterior drawer test results may be achieved if each 
of the aforementioned PCL bundles can be fixed 
separately at 90° and 30° flexion. Disadvantage of 
this procedure only was making two separate inci-
sions.  
 

Table 1. Frequency of patients with different signs and 
symptoms of knee instability before and after opera-
tion. 

 
BO = Before Operation, AO = After Operation 
*P < 0.05 compared to the frequencies before op-
eration 
 
 

  BO AO*
Pain in long 
walking  

No Pain  0 10 

 Mild 1 2 
Moderate to     
Severe

9 0 

 Disabling 2 0 
Pain in Climbing No Pain 0 9 

 Mild 7 3 
 Moderate to 

Severe
4 0 

 Disabling 1 0 
Posterior Drawer 
Test  

  

At 90˚ flexion Grade I 0 10 
 Grade II 0 2 
 Grade III 12 0 

At 30˚ flexion Grade I 0 5 
 Grade II 0 7 
 Grade III 12 0 

Giving way Positive 9 0 
 Negative 3 12 
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