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Abstract- Objective: The aim of the current study was to record the various measurements of Posterior Cruciate Ligament (PCL) on tibial 
surface in both sexes and both legs in elderly aged Chinese patients who were scheduled for undergoing Total Knee Arthroplasty (TKA) 
and to evaluate the results statistically. Methods: 75 tibial cut-off bones of Chinese patients were collected during TKA intra-operatively. 
Among them, in male 10 samples were from left and 3 from right knee, and in female 34 samples from left and 28 from right knee, who 
varied in age from: 45 to 75 years old. Those samples were evaluated in order to make measurements from tibial insertion of PCL to 
anterior region of the tibial plateau, from tibial insertion of PCL to center of tibial plateau, from center of the tibial insertion of PCL to the 
medial region of the tibia and from center of the tibial insertion of PCL to the lateral region of the tibia. Results: The anteroposterior 
diameter of tibial plateau is 43 mm; tibial insertion of PCL is 34 mm from the medial cortex and 36 mm from lateral cortex of tibia. 
Conclusion: The PCL has extensive insertion on Tibial Plateau. Our study concludes that the tibial insertion of PCL is slightly medial on 
the tibial plateau in both left and right knees in both male and female. So the location of center of the tibial insertion of PCL has no 
significant differences in terms of gender and side distribution among elderly Chinese population. 
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I. INTRODUCTION 
 

     Knee joint is one of the complex synovial joint in the body 
comprising of patello-femoral joint and tibio-femoral joint 
[1]. The PCL originates from a broad, crescent-shaped area 
on the anterolateral aspect of the medial femoral condyle in 
the intracondylar notch over a broad insertion and inserts into 
a depression between the two tibial plateaus named the PCL 
fossa [2]. The tibial attachment of the PCL is into a 
depression between the 2 plateaus, approximately 1 cm distal 
to the articular surface of the tibia, and extends distally 
several millimeters onto the posterior surface of the tibia. 
Fibers attach to the tibia in a medial to lateral direction. The 
PCL attaches with several additional slips, including a slip to 
blend with the posterior horn of the lateral meniscus [3]. The 
PCL is located near the longitudinal axis of rotation and just 
medial to the center of the knee. It is directed vertically in the 
frontal plane and angles forward 30ᵒ to 45ᵒ in the sagittal 
plane, depending on the degree of knee flexion. It is more 
vertical in extension and more horizontal in flexion. The 
dimensions of the PCL have been outlined by Girgis et al. [4] 
and Harner et al. [5] It is 32 to 38 mm long with a cross-
sectional area of 11 mm2 [5]. The bony insertion sites of the 
PCL are 3 times larger than its midsubstance. The ligament is 
enclosed within synovium and is, therefore, extra-articular in 
an anatomic sense [6, 7]. The synovium is reflected from the 
posterior capsule, and covers the medial, lateral, and anterior 
aspects of the PCL. Distally, the posterior portion of the PCL 
blends with the posterior capsule and periosteum [7]. 
 

   The PCL has been denoted as the primary stabilizer of the 
knee by some authors [8-11]. The PCL provides 90% to 95% 
of total restraint to posterior displacement of the tibia on the  
 

 

femur [12, 13]. With 30ᵒ of flexion of the knee, there is a  
drop in the tension of both cruciates. As flexion continues, 
there is progressive increase in PCL tension. Maximal 
tension is arrived at full flexion [14]. No other structure 
contributed more than 2% to the total restraint. Therefore, 
abnormal posterior tibial translation cannot occur without 
injury to the PCL. The medial fibers from the tibia insert 
anteriorly on the femur [6]. Functionally, the PCL appears to 
be arranged in 2 inseparable bands, named for their insertion 
positions [4, 6]. The Anterolateral Band (ALB) is more 
robust, and arises from the convex portion of the femoral 
attachment. The AL band is lax in extension, and becomes 
taut as flexion increases past 30ᵒ [4, 6, 15]. The 
Posteromedial Band (PMB) is thinner, runs a more oblique 
course, and attaches more distally on the tibia [4, 6]. The PM 
fibers are taut in extension and lax in flexion [6, 15]. This 
contributes to the �screwhome mechanism� of the knee as it 

goes from flexion to extension [14]. Scapinelli [16] has 
described the bold supply to the knee. The major vessels are 
the supreme genicular artery, the medial and lateral superior 
genicular arteries, the middle genicular artery, and the 
anterior and posterior tibial recurrent arteries. The vascular 
supply to the PCL is from the middle genicular artery, which 
arises from the popliteal artery behind the popliteal surface of 
the femur. It runs anteriorly and penetrates the posterior 
capsule of the knee joint in the intercondylar notch. The 
artery supplies blood to both cruciates, synovial membrane, 
posterior capsule, and the epiphyses of the tibia and femur. 
The synovial tissue around the PCL is also a major blood 
source for the ligament. The base of the PCL is supplied by 
capsular vessels arising from the popliteal and inferior 
genicular arteries [6, 17]. Kennedy et al. [18] identified two 
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distinct groups of afferent nerves in the knee. There were a 
posterior group, including the posterior articular and 
obturator nerves, and an anterior group, including branches 
from the femoral, common peroneal and saphenous nerves. 
Four types of receptors are found in the PCL, namely Ruffini 
slow adapting M-receptors, Pacinian fast adapting M-
receptors, Golgi-like tension receptors and pain receptors [18, 
19].  
 

    The present study was aimed to demonstrate the various 
measurements of the distances from the centers of the tibial 
insertions of the bands of the PCL to the medial and lateral 
cortical bone of the tibia, so that these might guide the 
creation of anatomical tunnels during operation and so that 
these might serve as analytical parameters for positioning 
bone tunnels after these operations. Besides that, also for 
evaluating gender and sides differences through 
morphometric analysis in elderly aged group who were 
scheduled for undergoing TKA surgery. This study 
contributes to the morphometric data on PCL and it is 
different from other studies by evaluating the gender and side 
differences among elderly Chinese population. 
 

II. MATERIALS AND METHODS   
 

  The study protocol was approved by The Second Hospital 
of Lanzhou University. After obtaining approval from our 
university�s internal review board, 75 Chinese patients (13 
male and 62 female) were selected, among them, in male 10 
samples were from left knee and 3 from right knee, and in 
female 34 samples from left knee and 28 from right knee, 
who varied in age from: 45 to 75 years old (Chart 1). Donors 
with known prior knee injuries, surgery, and known 
communicable disease, such as hepatitis and acquired 
immunodeficiency syndrome, and who were known to be 
from high-risk groups, such as intravenous drug users, were 
excluded. They were scheduled for undergoing total knee 
arthroplasty surgery, using tibial bone (shin bone) proximal 
cut off part in the process of tibial arthrotomy, with the aim 
of studying the anatomy and making measurements of the 
position of posterior cruciate ligament on the tibial surface.  
The data were taken since March 2014 to March 2015, which 
was a retrospective study of data prospectively collected at 
the time of surgery. All patients signed informed consent 
before the study. 
                     

 
Chart 1: Overview Chart 

Surgical Procedure 
 

      During the total knee arthroplasty surgery, the incision 
was given at the medial border of the quadriceps tendon 7 to 
10 cm proximal to the patella, curve it around the medial 
border of the patella and back toward the midline, and end it 
at or distal to the tibial tuberosity. The incision was made 
about 8-10 inches long to expose knee joint. Deepen the 
dissection between the vastus medialis muscle and the medial 
border of the quadriceps tendon, and incise the capsule and 
synovium along this medial border and along medial border 
of the patella and patellar tendon. Once knee is open, the 
surgeon rotates the patella outside the knee area. This allows 
the surgeon to view the area needed to perform the surgical 
procedure. Then during the process of tibial arthrotomy, the 
proximal tibia (tibial shin bone) is cut perpendicular to the 
mechanical axis of the tibia using either intramedullary or 
extramedullary alignment rods. After that, the piece of bone 
cut-off from proximal tibia in which PCL band was attached 
(Fig. 1), was taken on a plane paper and its circumference 
was drawn outline by a lead pencil (Fig. 2). Then center of 
the Tibial insertion of PCL was marked with pencil (Fig. 2). 
To make measurements, an Aero Space metal pachymeter 
(150mm) was used (Fig. 3 & 4). The lengths of the distances 
between significant points were measured in millimeters. The 
following measurements were made: 
 

a) From tibial insertion of PCL to anterior region of the 
tibial plateau i.e. Width of the Tibial Plateau (WTP)-
AB (Fig. 5). 
 

b) From tibial insertion of PCL to center of tibial 
plateau i.e. Mid-point of Tibial Plateau/half of WTP 
(MTP)-AC (Fig. 5).  
 

c) From mid-point of tibial plateau/half of WTP to the 
medial region of the tibia i.e. Center of the tibial 
insertion of PCL to the medial region of the tibia 
(TIM)-CD (Fig. 5).  
 

d) From mid-point of tibial plateau/half of WTP to the 
lateral region of the tibia i.e. Center of the tibial 
insertion of PCL to the lateral region of the tibia 
(TIL)-CE (Fig. 5).  

                           

 
 

Fig: 1 the piece of bone cut-off from proximal tibia during 
Arthrotomy process in TKA showing PCL bands 
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Fig: 2 Outline of bone piece in which center of the tibial 
insertion of PCL was marked  
 

                 

Fig: 3 Measurement of various distances using an Aero 
Space metal pachymeter (150mm) 

 

 
 

Fig: 4 Measurement of various distances using an Aero 
Space metal pachymeter (150mm)        
            

 
 

Fig: 5 Measurement of various distances;    
 

AB=WTP, AC=MTP, CD=TIM and CE=TIL    
Statistical Analysis: All the data were collected and analyzed 
by using Statistical Product and Service Solution (SPSS) 
version 19.0 (SPSS, Inc, Chicago, Illinois for Windows). A P 
value of 0.05 was set as the level of significance. 
  
 

III.  RESULTS 
 

    The present study was done among 75 samples (13 male 
and 62 female) in which, in male 10 samples were from left 
knee and 3 from right knee, and in female 34 samples from 
left knee and 28 from right knee, who varied in age from: 45 
to 75 years old. The collection of each tibial bone piece from 
TKA was checked thoroughly, and then measurements was 
taken for each bone piece and analyzed by means of 
statistical software. After analysis, it was observed that, 
according to age, gender and side distribution, the mean 
length from tibial insertion of PCL to anterior region of the 
tibial plateau i.e. Width of the Tibial Plateau (WTP) was 
43.16±4.621 mm (Table 1, 2 & 3), and the mean length from 
tibial insertion of PCL to center of tibial plateau i.e. Mid-
point of Tibial Plateau/half of WTP (MTP) was 21.58±2.310 

mm (Table 1, 2 & 3). The mean length from mid-point of 
tibial plateau/half of WTP to the medial region of the tibia i.e. 
Center of the tibial insertion of PCL to the medial region of 
the tibia (TIM), in male and female were 37.23±3.419 mm 

and 34.48±3.496 mm respectively (Table 2), in left and right 
leg were 35.09±3.869 mm and 34.77±3.273 mm respectively 
(Table 3), and according to age group the mean length was 
34.96±3.615 mm (Table 1). The mean length from mid-point 
of tibial plateau/half of WTP to the lateral region of the tibia 
i.e. Center of the tibial insertion of PCL to the lateral region 
of the tibia (TIL), in male and female were 40.54±3.799 mm 

and 35.92±3.106 mm respectively (Table 2), in left and right 
leg were 36.77±4.103 mm and 36.65±2.984 mm respectively 
(Table 3), and according to age group the mean length was 
36.72±3.660 mm (Table 1). 
 

Table 1: Showing the mean value of distances according 
to Age 
 

 Ages 
(45-75 
years) 

 
  WTP 

 
   MTP 

 
   TIM 

 
   TIL 

Ranges 
(45-59 
years) 

43.35 
± 
6.244 

21.68 
± 
3.122 

34.18 
± 
3.988 

37.41 
± 
3.759 

Ranges 
(60-74 
years) 

43.10 
± 
4.094 

21.55 
± 
2.047 

35.19 
± 
3.502 

36.52 
± 
3.638 

   
Total 

43.16 
± 
4.621 

21.58 
± 
2.310 

34.96 
± 
3.615 

36.72 
± 
3.660 

 

Table 2: Showing the mean value of distances according 
to Gender 
 

 
Gender 

C
as
es 

 
WTP 

 
MTP 

 
TIM 

 
TIL 

 
Male 

  
13 

46.31 
± 
2.136 

23.15 
± 
1.068 

37.23 
± 
3.419 

40.54 
± 
3.799 

 
Female 

  
62 

42.50 
± 
4.738 

21.25 
± 
2.369 

34.48 
± 
3.496 

35.92 
± 
3.106 

  
Total 

  
75 

43.16 
± 
4.621 

21.58 
± 
2.310 

34.96 
± 
3.615 

36.72 
± 
3.660 
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Statistic 

 F= 
7.986 
P= 
0.006 

F= 
7.986 
P= 
0.006 

F= 
6.683 
P= 
0.012 

F= 
21.971 
P= 
0.000 

 

N=Number of Patients 
P＜0.05 is statistically significant 
 

Table 3: Showing the mean value of distances according 
to Leg (Left/Right) 
 

 Leg 
(left/ 
right) 

C
as
es 

 
WTP 

 
MTP 

 
TIM 

 
TIL 

Left 
Leg 

44 42.82 
± 
4.384 

21.41 
± 
2.192 

35.09 
± 
3.869 

36.77 
± 
4.103 

Right 
Leg 

31 43.65 
± 
4.970 

21.82 
± 
2.485 

34.77 
± 
3.273 

36.65 
± 
2.984 

 
Total 

 
75 

43.16 
± 
4.621 

21.58 
± 
2.310 

34.96 
± 
3.615 

36.72 
± 
3.660 

 

IV. DISCUSSION 
 

  The Cruciate ligaments play a major role in stability of 
knee, these ligaments bind the femur and tibia, so that it 
prevents the sliding of tibia from femur also helps in 
rotational movements and it controls the back and forth 
movements of knee [20]. Most studies have measured the 
cruciate ligaments in the anatomical position, i.e. with the 
knee extended. These measurements have been based on the 
sagittal view, with removal of the femoral condyle [21]. In 
the present study, the anatomical measurements were based 
on proximal tibial bone cut-off part during the process of 
arthrotomy at the time of TKA surgery. Satku et al. [22], 
according to whom, although the cruciate ligaments have AL 
and PM fibers, they are not clearly separated. More 
commonly, the PCL is believed to have a complex structure. 
According to Girgis and Marshall [4], the PCL consists of 
two parts but they are inseparable. The most common view 
presents the ligament as a structure containing two separated 
bundles which are sometimes referred to as the anterior and 
posterior parts: aPC and pPC [23], and usually as the AL-
PCL and PM-PCL [24-30]. Some studies on the PCL have 
not described the locations of the AL and PM bands 
separately [31-33]. Present study has its limitations; we are 
not analyzing the bundles of posterior cruciate ligaments 
separately, it is not easy to evaluate the separate bundles from 
the cutting bone part of tibia. So, we assumed AL and PM 
bundles as a center of tibial insertion of PCL on tibial plateau 
and then measurements of various distances were taken in 
both male and female from both left and right knee among 
aged Chinese population. Even with similar measurements, 
the results may show discrepancies if obtained in different 
manners.  
 

   The PCL originates from a large area of the medial femoral 
condyle and is inserted in a depression between the tibial 
plateaus called the fossa of the PCL [2]. It is slightly medial 
to the imaginary axis of knee rotation. The results from 
anatomical studies on the tibial insertion of the PCL 
corroborate this affirmation. Lorenz et al. [32] found the 

center of the tibial insertion of PCL was 45 mm from the 
lateral edge of the tibial plateau and 43 mm from the medial 
edge. The result from the present study demonstrated an even 
more medial position, with the center of the PCL in the tibia 
at 36.72 mm from the lateral edge and 34.96 mm from the 
medial edge. Daniel et al. [34] selected eight knees from 
cadavers and found that the center PCL in the tibia at 40.6 
mm from the lateral edge and 32.5 mm from the medial edge. 
Our measurements were quiet close to that of Daniel et al. but 
his study and measurements were made with the knee (from 
cadavers) flexed at 90 degree, with the intention of increasing 
the applicability of the study to arthroscopic procedure. The 
present study was made from the tibial cut off bone piece 
during TKA surgery.  
   In a study on 10 knees from cadavers using computed 
tomography, Greiner et al. [35] found that the mean distance 
between the tibial insertion of the PCL and the medial border 
of the tibial plateau was 36.6 mm, whereas, in our study, that 
measurement found was 34.96 mm. 
    The mean length from center of the tibial insertion of PCL 
to the medial region of the tibia was 37.23 mm in male and 
34.48 mm in female. The mean length from center of the 
tibial insertion of PCL to the lateral region of the tibia was 
40.54 mm in male and 35.92mm in female. Our study reflects 
the gender differences in mean values; this type of study has 
been reported only by few authors. Some of the authors 
described PCL as one entity without any gender differences; 
several studies have done on separate bundles of PCL. In our 
study, the obtained values are statistically significant 
(P<0.05). The mean length from center of the tibial insertion 
of PCL to the medial region of the tibia was 35.09 mm in left 
and 34.77 mm in right leg. The mean length from center of 
the tibial insertion of PCL to the lateral region of the tibia 
was 36.77 mm in left and 36.65 mm right leg. The anatomical 
location of PCL on tibial plateau of elderly male and female 
had no significant differences in terms of gender and side 
distribution. Although many cadaveric studies describe the 
location of PCL, to our findings no previous study has looked 
into this subject in vivo which evaluate the anatomical 
location. Moreover, our study was solemnly done on Chinese 
patients� elderly aged group (45-75 years), only who were 
scheduled for TKA surgeries. 
 

    The results of the current study are quite similar to 
previous descriptions of the PCL tibial insertion site. 
Additionally, the fact that the current study focuses on 
evaluation of the attachments of the PCL in their entirety 
rather than focusing on the bundles separately. There are 
some limitations in this study. It must be noted that our study 
involved only elderly Chinese patients and subject in vivo not 
cadaveric studies. This limitation may have caused to the 
difference found between our study and others. Moreover it 
might be due to the sample difference between different 
nationalities. To adequately explain the difference requires a 
bigger sample. 
 

V. CONCLUSION 
 

    The results of this study demonstrate that the tibial 
insertion of PCL is slightly medial on the tibial plateau of 
knee joint in both left and right knee in both male and female. 
So the location of center of the tibial insertion of PCL has no 
significant differences in terms of gender and side 
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distribution among elderly (ranges from 45 to 75 years) 
Chinese population during TKA. It plays a crucial role in 
understanding the anatomical location of PCL among aged 
population. More detailed description of the behavior of the 
ligaments may be found in the references listed below. 
Understanding the anatomy of the PCL is not only important 
in treatment of ligamentous injuries but also in total knee 
arthroplasty. 
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