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Abstract  
Total knee arthroplasty (TKA) is an effective treatment for advanced knee joint 

disorders that restores knee function and improves quality of life. PTS is one of 

the most important contributing factor affecting the post TKA knee ROM and 

functional outcome, though it’s influence has long been debatable in PS TKA.  

In this study we aimed to observe the difference between pre-op vs post-op PTS 

and it’s influence on post-operative functional outcome & knee ROM. 

 27 Knees (14 male,13 female) were included in our study. Pre-op & post-op 

PTS were measured from true lateral knee radiograph. Knee Society Score 

(KSS) score was obtained by accessing functional ability and thorough knee 

examination. It was observed that PTS changed from 9.02±1.66 to 5.8±0.522. 

Maximum knee flexion increased from 86.85±10014 to110.93±7.6. KSS 

function score improved from 22.22±11.214 to 75.0±6.355.  

Therefore, we recommend maintaining an optimal PTS of 5 to 6 degrees, as this 

has been shown to have a positive impact on postoperative knee flexion and 

overall functional result. 

 
 

 

INTRODUCTION 
 

Total knee arthroplasty (TKA) is a highly efficient 

surgical procedure used to treat high grade 

osteoarthritic knee. Its primary goal is to relive pain, 

restore natural knee joint function and enhance the 

quality of life for patients. However, over 20% of 

patients express dissatisfaction with the outcome of 

the surgery, primarily due to the inability to fully 

restore knee function following TKA. Bourne et al. 

found that patient satisfaction regarding function 

during the performance of daily living activities 

varied between 70 and 84%.[1] 

The knee joint function is pursued by seeking 

restoration of normal mobility and stability at the 

replaced joint. The more natural kinematics of the 

knee, such as femoral external rotation and posterior 

translation during knee flexion, better is the 

functional outcome and satisfaction for the patient 

post-TKA.[2] 

One of the key elements that impacts patient 

satisfaction and post-operative performance 

following total knee arthroplasty (TKA) is the 

maximal flexion angle. Numerous factors, such as the 

degree of deformity, surgical procedures, prosthesis 

type, and pre-operative flexion angle, posterior 

condylar offset influence the post-operative flexion 

angle.[3–6]  

Measurement of the PTS has important applications 

in total knee arthroplasty (TKA), high tibial 

osteotomy (HTO), and anterior cruciate ligament 

(ACL) reconstruction surgery.[7] The posterior slope 

of the tibia is a possible and long debated factor that 

may affect the flexion gap. 

In cruciate retaining(CR) TKA prosthesis, an 

increased PTS enhances post-TKA knee flexion by 

increasing tension over the PCL, known as the roll-

back phenomenon as well as increasing the moment 

arm of the quadriceps muscles by shifting the 

tibiofemoral contact points posteriorly, which helps 

knee extension in weak quadriceps of osteoarthritic 

knee.[8–10] 

But it is linked to increased contact pressure on the 

posterior face of the PE insert and the CAM-POST, 

which results in greater wear and tear as well as 

aseptic loosening.[9,11] However the influence of 

posterior tibial slope on the posterior-stabilized (PS) 

prostheses remains controversial. Though decreased 

PTS reduces the intra op flexion gap some studies 

showed there was no significant difference,[12] in  
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post PS-TKA knee ROM & functional outcome in 

long term follow up,[3,13,14] and few study showed 

increased post op PTS increase the post op maximal 

knee flexion with good functional outcome if gap 

balancing was done judiciously during TKA1. So a 

surgeon should be cautious when determining the 

PTS, as an inordinate increase in the PTS may result 

in the progressive loosening of the tibiofemoral joint 

as a result of a reduction in collateral ligament tension 

and the failure of the post in a PE insert. 

Consequently a more personalized optimal PTS 

determination is necessary before TKA.[9] 

In our study we observe the post TKA PTS obtained 

by multiple surgeons & its influence on post 

operative knee rom & functional outcome  

Aims & Objectives 

Aim  
To evaluate post-operative Posterior Tibial Slope and 

observe its influence on functional outcome after 

Total Knee Replacement surgery. 

Objectives 

1. To compare preoperative vs postoperative 

posterior tibial slope by true lateral plain 

radiograph of knee 

2. To assess the influence of posterior tibial slope 

on postop range of motion of knee and assess the 

functional outcome by evaluating Knee Society 

Score (KSS). 

 

MATERIALS AND METHODS 
 

After getting permission from the ethical committee 

as well as satisfying all inclusion and exclusion 

criteria, we took a total 27 knees (14 male, 13 female 

underwent TKA at our hospital in 2022–23. It is a 

hospital based observational study. 

Inclusion Criteria 

 Patients of both sexes above 55 years & below 

75 years  

 Grade iii & iv osteoarthritis of knee joint 

 BMI less than 28 

Exclusion Criteria 

 Arthritis due to traumatic or infective & 

inflammatory cause  

 Revision surgeries 

 ·Previously done ipsilateral hip arthroplasty  

 Coronal plane malalignment(varus/valgus) less 

than 15 degrees 

We performed a detailed clinical & radiological 

examination of the patient which included history, 

functional ability of the patient, thorough 

examination of knee, weight bearing AP radiograph 

& true lateral radiograph of flexed knee. We used 

KSS SCORE which is divided into 2 parts; a. knee 

score & b. function score 

A. The Knee score (0/100)* is used to assess the 

pain status, range of motion, alignment ,medio-

lateral & anteroposterior stability. 

B. The function score (0/100)* is utilized to assess 

functional ability in terms of walking distance, 

utilization of walking aids, and ability to climb 

stairs. 

(* - minimum score 0 , maximum score 100) 

We used true lateral radiograph of knee to measure 

the posterior tibial slope (PTS) preoperative & post 

operatively. 

Measurement of PTS  
The posterior tibial slope (PTS) is the angle formed 

between the vertical line of the tibial anatomical axis 

and the tibial plateau tangent. PTS was obtained by 

measuring the angle that was formed between the 

horizontal line that was drawn perpendicular to the 

anatomical axis of the tibia and the line that was 

tangent to the anterior and posterior elements of the 

tibia medial plateau.[16,17] 

 

 
Figure 1: Preop & post of PTS measured 9 degree & 6 

degree 

 

Rehabilitation protocol 

We followed a standard rehab protocol as post-

operative physical therapy & rehabilitation greatly 

influence the functional outcome of the TKA18. 

From post-op day 1 we started full weight bearing 

with support & long knee brace 

From post-op day 2 knee ROM exercise was initiated 

actively or passively. 

Sutures were removed at 14 days and quadriceps 

strengthening exercises were started & continued 

along with preoperative and postoperative data 

collection  at a one-year follow-up. 

For statistical analysis data was entered into a 

Microsoft excel spreadsheet and then analyzed by 

SPSS (version 27.0; SPSS Inc., Chicago, IL, USA) 

and GraphPad Prism version 5.  Data was 

summarized as mean and standard deviation for 

numerical variables and count and percentages for 

categorical variables. Z-test (Standard Normal 

Deviate) was used to test the significant difference of 

proportions.  

Explicit expressions that can be used to carry out 

various t-tests are given below. In each case, the 

formula for a test statistic that either exactly follows 

or closely approximates a t-distribution under the null 

hypothesis is given. Also, the appropriate degrees of 

freedom are given in each case. Each of these 

statistics can be used to carry out either a one-tailed 

test or a two-tailed test. 

p-value ≤ 0.05 was considered for statistically 

significant. 
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RESULTS 

 

14 males & 13 females were included in our study in 

whom mean age, height, weight & BMI found to be 

64.56 5.086, 169.9 6.382, 24.64 1.9253 respectively.  

Study showed a decreased PTS from preop 

9.02±1.661 to post op 5.8±0.524 

A significant improvement was seen in KSS score 

(Knee Score raised from 45.19± 8.652 to± 90.22 3.03 

& Function Score from 22.2±11.294 to 75±6.355) 

There was also increased post-operative Knee 

Flexion from 86.85±10.014 to 110.93±7.6 [Table 1] 

Pre Op PTS - Post Op PTS (mean±s.d.) 1.739 ± 

0.335. It was found to be statistically significant 

<0.0001 

KSS KNEE score – 

Pre op - Post Op KSS(mean±s.d.)  9.242 ± 1.779. It 

was statistically significant <0.0001 

Preop KSS FUNCTION Score –  

Preop- Post of Kss-Function(mean±s.d.) 11.123 ± 

2.141. It was statistically significant <0.0001 

Pre Op Knee Flexion - Post -Op Knee 

Flexio(mean±s.d.) 7.473 ± 1.438. It was statistically 

significant < 0.0001. [Table 2] 

 

 
Figure 2: Mean ±SD of Study Variables; Pre-Op & Post 

–Op 

 

 
Figure 2: Improved post op knee flexion 

 

Table 1: Frequency of Mean of Study Variables 
Demographics Minimum maximum Mean ±sd 

Age 56 74 64.56±5.086 

Height 158 184 169.9±6.382 

Weight 

BMI 

55 

21.0 

84 

28.3 

71.30±8.507 

24.64±1.9253 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

PRE OP PTS 27 6 12 9.02 1.661 

POST OP PTS 27 5 7 5.8 0.524 

PRE OP KSS – KNEE 27 29 55 45.19 8.652 

PREOP KSS - FUNCTION 27 10 45 22.22 11.294 

POST OP KSS-KNEE 27 81 94 90.22 3.03 

POST OF KSS-FUNCTION 27 55 80 75 6.355 

PRE OP KNEE FLEXION 27 65 100 86.85 10.014 

FFD 7 10 15 12.14 2.673 

POST -OP KNEE FLEXION 27 95 120 110.93 7.6 

 

Table 2: Comparison of Preop Vs Post Op PTS, KSS, KNEE ROM 

Paired Samples Test 

 

Paired Differences 

t 
d

f 

Sig. (2-

tailed) 

Me

an 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference  

Lower Upper 

Pai

r 1 
PRE OP PTS - POST OP PTS 

3.22

2 
1.739 0.335 2.534 3.91 

9.62

6 

2

6 
<0.0001 

Pai

r 2 

PRE OP KSS - KNEE- POST OP 

KSS-KNEE 

-

45.0
37 

9.242 1.779 -48.693 -41.381 

-

25.3
2 

2

6 
<0.0001 

Pai

r 3 

PREOP KSS - FUNCTION - 

POST OF KSS-FUNCTION 

-

52.7
11.123 2.141 -57.178 -48.378 

-

24.6

2

6 
<0.0001 
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78 56 

Pai
r 4 

PRE OP KNEE FLEXION - POST 
-OP KNEE FLEXIO 

-

24.0

74 

7.473 1.438 -27.03 -21.118 

-

16.7

4 

2
6 

<0.0001 

 

DISCUSSION 
 

Postoperative range of motion (ROM) is recognized 

to have an impact on patient satisfaction following 

total knee arthroplasty (TKA), since it enhances 

postoperative function and contentment. Some 

authors observed that the posterior tibial slope (PTS) 

linked with postoperative ROM following total knee 

arthroplasty (TKA), among numerous parameters 

impacting postoperative ROM, including sex, age, 

preoperative ROM, body mass index (BMI), 

prosthesis design, and surgical procedures.[19]  It has 

long been known that improved flexion following 

total knee arthroplasty (TKA) is correlated with 

higher PTS. As a result, a lot of manufacturers 

included the angle of the postoperative tibial 

resection and a built-in PTS while designing the 

whole knee prosthesis. Regarding an elevated PTS 

after posterior cruciate-substituting (PS) TKA, there 

are numerous worries. In fact, several investigations 

have demonstrated that maximal flexion is not aided 

by the elevated PTS in PS TKA.[20]  

Increased PTS may raise the possibility of the 

polyethylene insert wearing out and causing cam-

post impingement20.  So we had carried out our study 

to know the effect of optimum PTS on functional 

outcome and range of motion post TKA.  

After a TKA, achieving enough range of motion is 

thought to be crucial to the procedure's success. 

Surgeons think that a variety of factors, including 

surgical procedures, BMI, prosthesis design, PTS, 

and preoperative range of motion, influence 

achieving maximal range of motion following total 

knee arthroplasty. In our study, we had used PS 

implant (DePuy , Smith and Nephew ) similar to the 

study conducted by Lee et al.[13] Although the effect 

of demographical data like BMI age , sex were not 

evaluated per se. In our study the mean preop PTS 

was 9.02 ± 1.661 which was changed to 5.8 ± 0.524 

post TKR. similar to that of the study conducted by 

Lee et al13 in which the preop PTS was 9.6±3.4 

which was changed to 2.0±1.3. The mean change of 

PTS came out to be 3.22± 1.141. This highlights the 

fact that the altered post op PTS might point towards 

the different patient demography & instrument 

constraints. The pre-op ROM (Flexion) in our study 

was 86.85±10.014; after TKA, it changed to 

110.93±7.6 at the 6-month follow-up, showing a 

significant difference of 24.08±2.414. In contrast, the 

study by Lee et al. showed a difference of only 

1.7±3.3 at the 1-year follow-up, changing from 

126.9±13.0 to 128.6±9.7.  

The difference in this aspect lies in the fact that the 

preoperative selection of patients with different range 

of motion along with the difference in follow up 

period of 6 months and 1 year between the two 

studies.  

Walker and Garg believed that increasing the tibial 

slope in total knee arthroplasty (TKA) was beneficial 

with regard to maximal postoperative flexion. 

Review of the clinical literature, however, does not 

confirm this hypothesis, neither does it give an 

answer to the question of how much flexion gain can 

be expected per degree extra tibial slope.  

In a cadaver study by Bellemans et al,[21] flexion 

improved by 1.7 degree for every 1degree extra PTS. 

Although in our study, we did not do any correlation 

between the degree of change of PTS with ROM. 

Nonetheless, a number of research investigations 

have refuted the link between ROM and 

postoperative PTS.[21] In fact, following either PS 

TKA or CR TKA, Oka et al,[12] discovered that there 

was no association between the PTS and maximal 

knee flexion.[12] 

Furthermore, following PS TKA, Bauer et al.[22] 

found no association between PTS and maximal knee 

flexion. Between a group of patients with a mean PTS 

of 1.8 degrees and a group of patients with a mean 

PTS of 5.5 degrees, Kansara and Markel found no 

statistically significant change in knee flexion 

following PS TKA Kansara and Markel,[14] 

discovered no statistically significant difference in 

the clinical outcome measured by KSS between a 

group of 30 PS TKAs with a PTS of 5 degrees and a 

group of 31 instances PS TKAs with a PTS of 0 

degrees with regard to the impact of postoperative 

PTS on clinical outcomes.[14]  

In their study, Lee and colleagues13 found that 

patients who experienced a greater change in PTS 

following PS TKA had more trouble "rising from 

sitting (WOMAC function, No 10)" and were more 

conscious of their knees "when climbing stairs (the 

Forgotten Joint Score, No. 6). It has been 

demonstrated that a decrease in the maximum 

quadriceps force and patellofemoral contact force is 

associated with an increase in PTS.[23]  Conversely, a 

decrease in PTS brought on by a more significant 

shift in PTS may hinder movement efficiency, which 

in turn may result in a decrease in the force produced 

by the quadriceps and the patellofemoral contact 

force.[24] 

The tibial component positions itself more 

posteriorly and the femoral and tibial components 

make greater anterior contact when the PTS is 

reduced.  

 Patellar height could vary depending on the size and 

positioning of the patellar prosthesis, in addition to 

other surgical variables like as the postoperative PTS.  

This may effect the clinical outcome of functional 

scoring done. The fact that we didn’t include these 

biomechanics in our study may be considered as one 

of our limitations and further studies in this aspect are 

needed to give a more robust understanding of this 

arena.  
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Seo and colleagues11 in their study found out that the 

group of patients with PTS more than 3 degree had 

KSS functional score of 53.4+/- 14.2 which increased 

to 82.4+/- 1.5 and KSS knee score of 55.8+/-2.14 

which increased to 86.3 +/- 8.2.  

Similarly in our study , we found out that the KSS 

functional score was changed to 75 +/-6.35 from 22.2 

+/- 11.29 and KSS knee score was changed to 90.22 

+/-3.03 from 45.19+/-8.65. The improvement in KSS 

functional score was not that much in our case 

although it being statistically significant. This may be 

attributed to the femur's posterior translation with 

respect to the tibia, which causes the patellar tendon 

to get impinged upon or experiences excessive 

traction stresses on it during joint movement. 

Furthermore, there was not a single instance of tibial 

component loosening in our investigation, defying 

our hypothesis that PTS is associated with a higher 

incidence of loosening because of increased strain on 

the posterior compartment during flexion. The 

postoperative outcomes of PTS, Range of Motion, 

KSS came out to be statistically significant in our 

study further strengthening the fact that optimum 

PTS may lead to good functional and biomechanical 

outcome after TKA.  

Limitation 

1. Posterior condylar offset was not measured in 

our study which also had a great impact on post 

op knee flexion. 

2. We had done only PS-TKA in our study. 

3. Stratification of posterior tibial slope could not 

be done due to instrumentation constraints 

4. The surgery was performed by multiple surgeons  

5. The effects of patients demographics like age & 

BMI might alter the functional assessment 

 

CONCLUSION 
 

Though few study showed that no relation between 

post-operative tibial slope with post op knee flexion 

and functional outcome; some study shows increased 

PTS provides more post-operative knee flexion in 

cost of increased implants wear & tear & aseptic 

loosening in long term follow up, we concluded our 

study by observing that keeping optimum posterior 

tibial slope will result in better functional outcome in 

terms of improvement in KSS score & post-operative 

knee flexion in PS-TKA.  
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