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Abstract: This study aimed to analyze the difference of posterior slope angle between intra-operation and post-
operation during total knee arthroplasty (TKA) to provide a theoretical basis for adjusting the posterior slope angle. 
Clinical patients (44 cases) with TKA admitted to the Hospital from June 1 to September 2 in 2013 were involved 
in this study. According to the difference of the prosthesis, patients were divided into two groups: cruciate-retaining 
group (n=22, 33 knees) and posterior-stabilized group (n=22, 31 knees). Then the difference between posterior 
slope angle of intra-operation and post-operation were analyzed. In the cruciate-retaining group, the posterior slope 
angle of post-operation was 5.73°±2.81° greater than that of intra-operation (P=0.00); While in the posterior-
stabilized group, the posterior slope angle of post-operation was 1.66°±1.43° greater than that of intra-operation 
(P=0.00). In the cruciate-retaining group, the posterior slope angle of post-operation is much smaller than the intra 
operation which indicating that there is no need to adjust the posterior slope angle when it is too small during intra-
operation. As for the posterior-stabilized group, there was no statistical difference of posterior slope angle between 
post-operation and intra-operation, so we could predict the posterior slope angle of post-operation according to that 
of intra-operation.
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Introduction

Total knee arthroplasty (total knee arthroplas-
ty, TKA) was designed to remove the joint sur-
face which had been damaged and could not 
be repaired to restore knee joint function by 
replacing the damaged joints with artificial joint 
components [1]. It could correct the deformity 
effectively, ease pain, enhance the function of 
the affected limb and maintain the stability of 
the joint [2]. In total knee arthroplasty, the 
choice of slope angle posterior (PSA), TKA (PSA) 
would affect the flexion and extension of knee-
joint function, joint stability and the life of the 
prosthesis after post-operation [3]. Therefore, 
the influence of PSA on TKA was gradually more 
and more important. In current study, the accu-
rately select of the inclined angle was a major 
problem facing the surgeon in operation. In this 
study, we analyzed the difference on posterior 
slope angle between intra-operation and post-
operation of total knee arthroplasty which 

aimed to provide a guide for the doctors for the 
selecting of posterior slope angle between 
intra-operation and post-operation.

Materials and methods

Materials

All the clinical patients (44 cases) with TKA 
were admitted to the Hospital from June 1 to 
September 2 in 2013. Inclusion criteria: (1) All 
the operation were performed by the same sur-
geon (2) All the patients suffered from total 
knee arthroplasty for the first time (3) The 
patient was diagnosed with knee osteoarthritis. 
Exclusion criteria: (1) the patients who suffered 
from revision of knee joint (2) The patient was 
diagnosed with rheumatoid arthritis and other 
types of arthritis. About 44 cases (64 knees) 
were involved in this study. Among this, in the 
cruciate group, there were prosthetic knee 
replacement (22 cases), total joint replacement 
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(33 knees), male (2 knees), female (31 knees), 
average age (63.95); In the posterior-stabilized 
group, there were prosthetic knee replacement 
(22 cases), total joint replacement (31 knees), 
male (5 knees), female (26 knees), average age 
(65.52). The basic data of the CR group and  
the PS group were compared, including gender, 
age and preoperative KSS score. The results 
showed there were no significant differences 
between the two groups. The data were shown 
in Table 1.

Surgical methods

All cases were completed by the same surge- 
on. After the preoperative preparation, 15 cm 
length of incision was performed in the middle 
of anterior knee. After the opening of skin and 
subcutaneous tissue, then the synovium and 
the lower part of the patellar fat pad were cut 
off. The periosteum was cut at 1 cm of the 
medial tibia, and the medial articular capsule 
was initially loosened by the dissection along 
the periosteum. The eversion of the patella, 
knee joint, resection of the femoral tibial osteo-
phytes, hyperplastic synovial membrane, meni- 
scus and anterior anterior ligament were per-
formed. The tibial plateau was pried out by 
plate hook, the positioner was setup in the 
neck bone and the proximal tibial osteotomy 
device was installed at roximal tibia. The posi-
tion was fixed by vertical angel of tibial glucos-
amine line and along the outside. To restore the 
patient’s own back backward, the cut of poste-
rior articular cartilage of the tibial plateau was 
as a reference and the post dip angle was 
recorded. The femur was positioned and 
washed with hydrogen peroxide solution and 
0.9% sodium chloride injection before installa-
tion of prosthesis. The wound was stitched up 

at the neutral position of the knee joint. The 
posterior slope angle was measured at the pos-
terior lateral position by x line. Gemini prosthe-
sis and rp-f prosthesis were respectively used 
for CR and PS groups.

The measurement of posterior slope angle

The posterior tilt angle was measured by the 
matching of the tibial bone marrow locator. The 
cut of posterior articular cartilage of the tibial 
plateau was as a reference and the post dip 
angle was recorded. The posterior slope angle 
between intra-operation and post-operation 
was measured at the X line of knee joint. Having 
no obvious tibial rotation and a clear outline of 
the tibial plateau prevail were as standards for 
the selection of X-ray. The posterior angle of the 
tibia was measured with the axis of the middle 
and upper end of the tibia. Reference curve 
was perpendicular to the axis, the angel be- 
tween the connection line for the posterior horn 
of the anterior tibial platform and reference 
curve was recorded as the posterior angle of 
the tibia (4-8) (Figure 1).

Groups

Based on the type of prosthesis used, the pros-
thesis was divided into CR and PS group and 
the PSA of tibial plateau was recorded before 
surgery, intraoperative and postoperative. The 
difference of PSA during intra-operation and 
post-operation between the groups was com-
pared to confirm whether the PSA was reduced 
to the preoperative anatomical PSA. The differ-
ence on posterior slope angle between intra-
operation and post-operation was analyzed to 
explore the relationship of PSA between intra-
operation and post-operation.

Functional outcome and safety concern be-
tween two methods

The curative effects of TKA closely correlate to 
the intra-operative osteotomy and the debond-
ing of surrounding soft tissues. One of the key 
points of success is to recover the balance of 
soft tissues around the knee-joint. Except for 
the operative techniques of physicians, the 
prostheses were pretty important in the opera-
tions of TKA. The prostheses with minor size 
may furthest recover the functions of knee-
joint. The main basis in choosing thighbone 
prostheses is keeping the knee-joint stable 

Table 1. Comparison of preoperative basic data 
between two TKA groups (n, %)

CR group (n=33) PS group (n=31) P
Gender
    Male 2 (0.6) 5 (16.1) 0.84
    Female 31 (99.4) 26 (83.9)
Age 63.95±6.61 65.52±7.51 0.46
KSS Score
    60-69 11 (33.3) 12 (38.7)
    30-59 17 (51.5) 16 (51.6) 0.43
    < 30 5 (15.2) 3 (9.7)
CR: cruciate-retaining; PS: posterior-stabilized.
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when bend the knees. Only depending on the 
residuary natural bones of patients is impracti-
cable, or it will make flexion gaps of knee-joint 
greater than the Swollen knee clearance thus 
cuase the dislocation of knee-joint. If the patel-
la should be replaced is mainly on the basis of 
the lesion of patelia or the state of patients’ 
knee-joint. Patients with serve regression and 
partial dislocation or subluxation in patellofem-
oral joint are in need of replacing the patella; 
Patients (especially the elderly people) with 
thinner patella or slight regression in cartilage 
are not in need of replacing the patella, on the 
contrary, the replacement for those patients 
may cause the lability of the functions of joints 

oppress the blood vessels, less limbs’ activities 
cause the hypercoagulable state, the intracor-
poral blood vessels are damaged and the blood 
flow rate decends, the coagulation is activated, 
the functions of antithrombase recedes and 
the endogenous fibrinolysis system is restrain-
ed. Hense, patients with the above-mentioned 
risk factors should be promptly applied the 
anti-freezing drugs and antiplatelet drugs after 
the operations. 

Statistical analysis

All experiments were independently performed 
in triplicate. Statistical analyses using analysis 

Figure 1. Posterior slop angle of post-operation in PS group (left); Posterior 
slop angle of post-operation in CR group (right).

Figure 2. Comparison of posterior slope angle of pre- and postoperative be-
tween two groups (aP < 0.05, vs. post-operative).

and poor post-operative eff- 
ect. The main operating points 
for replacing the patella are 
that the thickness of the pa- 
tella should be greater than 
12 Rim after being excised, 
the thickness of patella re- 
placed by prosthesis should 
be the same with the pre-
operative thickness of patel-
la, the excision line should be 
parallel with the surface of pa- 
tella, and the patella should 
be placed in the inner side as 
far as possible.

The main complications after 
the operations of TKA are the 
infection and the deep vein 
thrombosis (DVT) in the lower 
limbs. For the sake of preve- 
nting the post-operative infe- 
ction, prompt, standard and 
enough usage of antibiotic 
should be arranged, and the 
post-operative changes aro- 
und the knee-joint and the 
vital signs of patients should 
be closely observed during 
the perioperative period. DVT 
is the result of multiple com-
prehensive factors, and the 
risk factors of the occurrence 
of DVT include that the appli-
cation of tourniquet is long, 
the site of implementing the 
operation is in the site of 
bending the knee, partial tis-
sues occur tumidness and 
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of variance (ANOVA) and Duncan’s multiple 
range test for differences among different 
groups were performed with SPSS software 
version 20 (Chicago, IL, USA). Comparisons that 
yielded P < 0.05 were considered significant.

Results

In the CR group, the PSA was 9.66°±1.32° and 
3.94°±2.24° for post-operation and intra-oper-
ation. The PSA was 5.73°±2.81° higher in the 
post-operation than that in intra-operation; In 
the PS group, the PSA was 9.81°±1.54° and 
8.10°±1.27° for post-operation and intra-oper-
ation. The PSA was 1.66°±1.43° higher in the 
post-operation than that in intra-operation. The 
data showed there was significant difference 
for the PSA between the post-operation than 
that in intra-operation in the two groups (CR 
group: P=0.00; PS group: P=0.00). However, 
there was no significant difference between  
the posterior tilt angle in post-operation and 
tibial plateau angle intra-operation (CR group: 
P=0.57; PS group: P=0.29) which indicated 
postoperative tibial slope angle was substan-
tially reduced to the preoperative anatomic tilt-
ing angle. The data was shown in Figure 2.

Discussion

With the increase of China’s aging and osteoar-
thritis, joint replacement surgery entered a 
period of rapid development [9, 10]. Currently, 
the correct of the power lines and soft tissue 
surgery balance in knee replacement surgery is 
still one of the difficulties [11]. Therefore, the 
posterior slope angle of the tibial plateau pros-
thesis is gradually being valued by clinicians. In 
the recent study, a number of domestic and  
foreign research reports indicate that there 
was inter-individual difference in PSA. In this 
study, the PSA measured was 9.85°±1.25°. 
Kunwano’s study showed that the PSA was 
8.1°±4.0° measured by CT 3D reconstruction 
system [12]. Yoo measured the tibial lateral 
slice with 5 different reference standards  
and the average was 10.6°±3.5° [5, 13]. In 
Khattak’s report, the PSA was 10°±4° [13]. The 
specimen of adult knee joint, dry tibial and MRI 
of adult knee joints were used to measure PSA 
by Huang Wenhua et al [10]. The average value 
of PSA in the lateral position of the knee was 
11.3°±4.4° studied by Wenyan DU [14]. The 
posterior tibial plateau angle was 15.02°±4.2° 
in Shudong zhang’s study [15]. In addition, 

there was still no uniform standard on the tibial 
osteotomy in TKA operation [16]. Wang Yehua 
et al. considered that the difference of the 
angle between the posterior tibial plateau was 
larger, and it should be measured before and 
after the surgery to make the posterior tibial 
osteotomy individual. Kansara and Markel con-
sidered that osteotomy of 0° and 5° had no 
effect on the activity of the knee joint [2]. How- 
ever, a small number of cases would appear 
front dip angle with the 0° osteotomy com-
pared with 5° osteotomy, so 5° osteotomy was 
considered to be safer.

Another study confirmed that the knee joint 
flexion function was best when the PSA of tibial 
prosthesis was 7°~9° after TKA [17]. But in our 
hospital, it would result in 0 degree posterior 
tilt and the tibial plateau cartilage could be 
complete amputated during the knee replace-
ment. Moreover, postoperative X-ray measure-
ment displayed PSA was still within the normal 
physiological range. In face of this embarrass-
ing situation, the prosthesis of CR (Gemini) and 
Johnson’s PS (RP-F) were incorporated in this 
study. It can be seen that both the PS and CR 
groups were significantly different on posterior 
slope angle between intra-operation and post-
operation (CR group: P=0.00; PS group: P= 
0.00) which means that the PSA of intra-opera-
tion could not be represented by that of the 
post-operation.

For the prosthesis involved in this study, post-
operative tibial slope angle was substantially 
reduced to the preoperative anatomic tilting 
angle (CR group: P=0.57; PS group: P=0.29). 
So, it can be concluded that the PSA is basically 
accurate. For the case of the small deviation of 
the measurement, the main reasons are as  
follows after the analysis of prosthesis and 
major surgical procedures: (1) The choice of 
rear angle is not intuitive because of the use of 
external fixation of the tibia in the surgical 
instruments which resulted the choice error for 
the PSA; (2) The completely capture of tibial 
cartilage was as the standard which made 
more subjective influence factors for the sur-
geon; (3) There were errors in the device, so the 
measurement of PSA was not actual. Since the 
minor application of other knee prosthesis, it 
was difficult to achieve larger sample size. In 
this study, the research had some limitations 
owing to the reason that only Gemini and RP-F 
prosthesis were used. However, it does not 
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affect the purpose of the present study. At the 
same time, as a single center prospective 
study, it also has some limitations such as the 
deficiency of specimens. Therefore, it still need 
the large sample, multi center, multi prosthesis 
model for the study of knee replacement sur-
gery to provide a strong theoretical support for 
the select of prosthesis in knee replacement 
surgery
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