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Objective: In this study, we aim to examine the effects of osteotomy under varying posterior slope angles on knee joint function 
recovery following knee arthroplasty.
Methods: We conducted a retrospective analysis from September 2015 to September 2018 on 240 patients who underwent knee 
arthroplasty three years previously. The study participants were categorized based on changes in the angle of the posterior slope before 
and after surgery: Group 1, > 5°; Group 2, 3°–5°; Group 3, 0°–3°; Group 4, −3°–0°; Group 5, < −3°. All participants were affected 
with knee osteoarthritis. The Knee Society Clinical Rating System (KSS) knee function score, Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) knee function score, Visual Analogue Scale (VAS) pain score, and postoperative complications 
were measured 3 years after surgery.
Results: The level of pain experienced by the patients decreased significantly than before, with pain scores ranging from 1.0–3.0, and 
there was a statistical difference between groups (H = 93.400, P < 0.001). The KSS score increased, with group 5 having the lowest 
median score of 78.0 and group 2 having the highest median score of 97.0, and there was a statistical difference between groups (H = 
164.460, P < 0.001). The WOMAC score was reduced, with the median score being 24.0, 11.0, 14.0, 20.0, and 26.0, in the five groups, 
respectively. Group 5 had the highest score, while Group 2 had the lowest score, and there was a statistically significant difference 
between groups (H = 164.223, P < 0.001). No symptoms such as periprosthetic femoral fracture, prosthetic loosening, or pad wear 
were detected in patients postoperatively.
Conclusion: Osteotomy at various posterior slope angles in total knee arthroplasty impacts postoperative knee function rehabilitation. 
An excessive increase or decrease in angle can have an impact on the postoperative recovery of knee function.
Keywords: functional rehabilitation, knee arthroplasty, knee function, knee osteoarthritis, posterior slope angle, tibial osteotomy, tibial 
slope, TKA

Background
Knee arthroplasty, which has become one of the most effective surgical alternatives for the treatment of severe osteoarthritis, 
can significantly relieve patients’ pain and restore knee joint function. Mild osteoarthritis patients can relieve symptoms 
through oral nonsteroidal drugs, physical therapy and arthroscopy. Knee arthroplasty surgery has become the ultimate 
treatment plan for patients with severe osteoarthritis.1 After a 15-year period following surgery, the utilization rate of the 
prosthesis in knee arthroplasty can exceed 90%. Most patients have achieved good treatment results, early recovery of 
normal life, greatly improving the quality of life.2 However, due to the unsatisfactory functional recovery of the affected limb 
or the inappropriate placement of the prosthesis, revision total knee arthroplasty may be needed for affected limbs in the early 
postoperative period.3,4 Sharkey et al reported that the likelihood of surgical failure in knee arthroplasty surpassed 20% due 
to insufficient force lines and displaced prosthesis placement, but that the prevalence of such errors could be considerably 
reduced with the improvement in surgical expertise.5–7 Previous research focused on the influence of a poor force line in the 
coronal plane of a knee prosthesis on postoperative knee function.8–12 Matsuda et al found that postoperative knee varus can 
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decrease patients’ knee joint function.13 The finite element analysis revealed that a poor force line in the coronal plane of the 
knee joint can result in tibial tray settlement of the knee prosthesis. Barrack et al reported the effect of rotational 
malalignment of knee prosthesis on postoperative knee function recovery. Excessive internal rotation of the femoral 
prosthesis was shown to cause postoperative patellofemoral problems in patients. In finite element analysis experiments, 
internal rotation of the femoral prosthesis was observed to produce changes in the patellar trajectory after surgery.14,15

Many clinical and specimen tests have been conducted to determine the appropriate posterior slope angle, although 
osteotomy error makes the experiment much more challenging.16,17 Barrett et al discovered that more than 30% of 
surgeries had a more than 2° error between preoperative planning and postoperative reality. Neither the seniority of 
surgeons nor advanced navigation technology have been able to prevent such accident at present. Differences in the soft 
tissue surrounding the knee may also affect the pressure of patellofemoral joint and the strength of quadriceps femoris. 
As a result, there are ongoing disagreements about how to choose the appropriate posterior slope angle.18

Previous research has shown that reducing the posterior slope angle in knee arthroplasty while retaining the posterior 
cruciate ligament can prevent paradoxical anterior translation, allowing for functional rehabilitation of the knee joint.15 

However, the trial design was modest at the time, with a small number of cases and a short follow-up period. In this 
study, we collected a large number of samples to further investigate the long-term influence of changes in posterior slope 
angle in knee arthroplasty retaining posterior cruciate ligament on the postoperative rehabilitation of the knee function.

Prosthesis type, patellofemoral joint pressure, and postoperative knee motion can affect the incidence of peripros-
thetic femoral fracture, prosthetic loosening, pad wear, and other related complications.19 As there is no research on the 
relationship between these complications and posterior slope angle, we also evaluated the effect of posterior slope angle 
on the incidence of periprosthetic femoral fracture, prosthetic loosening, pad wear, and other related complications. The 
purpose of this retrospective study is to investigate the effect of posterior tibial slope on clinical results in total knee 
replacement arthroplasty.

Materials and Methods
General Information
We performed a retrospective study performed from September 2012 to September 2015 on 240 patients who had knee 
arthroplasty three years previously with an average age of 62.5 y (57–68 y) at the time of surgery. All TKAs were 
performed by the same senior surgeon using a CR prosthesis (Waldemar Link GmbH & Co. KG, Hamburg, Germany, 
Medium) using a consistent, controllable, and reproducible technique. In accordance with the procedure described by 
Utzschneider et al, the PTS was determined by measuring the proximal tibial anatomical axis on the preoperative and 
postoperative lateral radiographic images, and the slope was measured based on the configuration of the metal backing by 
a computer program. The posterior slope angle was measured before and after surgery (Figure 1).20 The patients were 
divided into five groups based on changes in posterior slope angle before and after surgery: Group 1, > 5°; Group 2, 3°– 
5°; Group 3, 0°–3°; Group 4, −3°–0°; Group 5, < −3°.

Western Ontario and McMaster Universities Arthritis Index (WOMAC), Knee Society Clinical Rating System (KSS) 
knee function score, and Visual Analogue Scale (VAS) scores were measured 3 years after surgery. WOMAC mainly 
evaluated the pain, stiffness, and activity disorders of patients in their daily life and work. KSS mainly evaluated the pain, 
range of motion and stability of the patient’s knee joint.

Statistical Methods
SPSS21.0 was used for statistical analysis. The scale scoring data are expressed as median—M (QL, QU) and were 
compared between groups using the Kruskal–Wallis (K-W) H-test. P < 0.05 indicates statistically significant difference.

Results
Preoperative Score
The knee function and pain were scored using WOMAC, KSS, and VAS scales before surgery. The WOMAC scores ranged 
from 24.0–25.0, with no significant difference between groups (H = 8.567, P = 0.070). The KSS had a median score of 
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25.0, with no significant difference between groups based on the K-W H-test (H = 1.632, P = 0.825). The median KSS 
score was 8.5, with no significant difference between groups (H=0.286, P = 0.998). Table 1 displays the results.

Postoperative Score
The WOMAC score was reduced, with a median of 24.0, 11.0, 14.0, 20.0, and 26.0, in the five groups respectively, and 
there was statistical difference between groups (H=164.223, P <0.001). The KSS score increased, and there was 
statistical difference between groups (H = 164.460, P < 0.001). Pain was relieved, with a VAS score of 1.0–3.0, and 

Figure 1 Posterior slope angle before and after surgery; (a) Posterior slope angle before surgery; (b) Posterior slope angle after surgery.

Table 1 Preoperative Pain and Function Levels of the Five Groups

n Pain KSS WOMAC

Group 1 46 9.0 (9.0,10.0) 24.0 (23.0,25.0) 64.0 (63.0,64.6)
Group 2 50 9.0 (9.0,10.0) 24.0 (23.0,25.0) 65.0 (64.0,68.0)

Group 3 52 9.0 (9.0,10.0) 24.0 (23.0,25.0) 64.0 (63.0,65.0)

Group 4 46 9.0 (9.0,10.0) 24.0 (23.0,25.0) 64.0 (63.0,66.0)
Group 5 46 9.0 (9.0,10.0) 24.0 (23.0,25.0) 64.0 (63.7,65.9)

H – 0.286 1.632 8.567

P – 0.998 0.825 0.070

Notes: A p-value is results of Kruskal–Wallis (K-W) H-test. P < 0.05 indicates 
statistically significant difference. 
Abbreviations: KSS, Knee Society Clinical Rating System; WOMAC, Western Ontario 
and McMaster Universities Arthritis Index.
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there was statistical difference between groups (H= 93.400, P < 0.001). Subgroup analysis had be done. The significant 
difference between each group had been found. The results are shown in Table 2.

Postoperative Complications
None of the patients developed complications such as periprosthetic femoral fracture, prosthetic loosening, and pad wear.

Discussion
Many studies have been conducted to improve surgical techniques to avoid incorrect alignment of knee prostheses in the 
coronal and rotational planes, but few studies have been conducted to investigate the influence of modifications in 
the sagittal plane force line on postoperative knee function recovery.21–25 Furthermore, there are still disagreements on 
the appropriate range of posterior slope angle during surgery. Changes in the posterior slope angle can both raise and 
decrease the postoperative knee function score. Increasing the posterior slope angle not only increases the flexion range 
of the knee joint, but also the intensity of the quadriceps femoris flexion. However, some investigations, have discovered 
that a greater posterior slope angle can result in anterior translation of the tibial prosthesis and wear behind the tibial pad. 
Furthermore, the posterior slope angle affects different types of knee prostheses to varying degrees. An increasing 
number of studies have revealed that posterior slope angle affects knee joint prosthesis preserving posterior cruciate 
ligament more than posterior stabilized knee joint prosthesis in knee arthroplasty.10–13

We conducted a retrospective study from September 2012 to September 2015 on 240 patients who underwent knee 
arthroplasty 3 years previously. The VAS, WOMAC, and KSS scores of the five groups differed statistically. Group 2 had 
the lowest VAS and WOMAC scores, while also having the highest KSS scores. Groups 1 and 5 exhibited poor 
postoperative function recovery, demonstrating that changes in the angle of the posterior slope in total knee arthroplasty 
impacted knee function rehabilitation. Too much increase or reduction in angle can hinder the rehabilitation of the knee 
after surgery. No problems such as periprosthetic femoral fracture, prosthetic loosening, or pad wear were detected in 
patients postoperatively.

Group 2 had the lowest VAS and WOMAC scores, while also having the highest KSS score. Group 2 experienced 
a small reduction in the angle of the posterior slope following surgery, consistent with our earlier experimental findings. 
This also confirms our prior theory that suitably lowering the posterior slope angle in the application of prostheses 
preserving the posterior cruciate ligament may prevent paradoxical anterior translation, thereby enhancing the rehabilita-
tion of the postoperative knee function. Group 1 had a greater decrease in the angle of the posterior slope and had poor 
postoperative function recovery. It is possible that a posterior slope angle that is too small can restrict the flexion range of 
patients, resulting in prepatellar pain. The functional recovery in Group 5 was the weakest. It is believed that a large 
posterior slope angle places the femur in a posterior position relative to the tibia, resulting in a decreased moment arm of 
the quadriceps femoris tendon and generating patient discomfort. In addition, a large posterior slope angle can result in 

Table 2 Postoperative Pain and Functional Scores of the Five Groups

n Pain KSS WOMAC

Group 1 46 3.0 (2.5,3.0)b, c, e 80.0 (79.0,81.0)b, c 24.0 (22.0,23.5)b, c,

Group 2 50 1.0 (1.0,1.0)a, c, e 98.0 (97.0,98.0)a, d, e 11.0 (10.0,11.0)a, d, e

Group 3 52 2.0 (1.0,2.0)a, b, d, e 93.0 (92.0,94.0)a, e 14.0 (13.0,14.0)a, d, e

Group 4 46 2.0 (2.0,3.0)b, c, e 87.0 (86.0,87.5)b, e 20.0 (17.5,19.5) b, c, e

Group 5 46 3.0 (3.0,4.0)a, b, c, d 77.0 (76.0,78.0)b, c, d 26.0 (24.0,26.0) b, c, d

H – 94.400 164.460 164.223

P – <0.001 <0.001 <0.001

Notes: aRepresents comparison with Group 1 P < 0.05. bRepresents comparison with Group 2 P < 0.05. 
cRepresents comparison with Group 3 P < 0.05. dRepresents comparison with Group 4 P < 0.05. 
eRepresents comparison with Group 5 P < 0.05. A p-value is results of Kruskal–Wallis (K-W) H-test. 
P < 0.05 indicates statistically significant difference. 
Abbreviations: KSS, Knee Society Clinical Rating System; WOMAC, Western Ontario and McMaster 
Universities Arthritis Index.
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joint relaxation. In Groups 3 and 4, the posterior slope angle was most similar to that before surgery, but the functional 
score was lower compared to Group 2, which may be a result of our use of a prosthesis that preserves the posterior 
cruciate ligament. As the prosthesis-preserving posterior cruciate ligament preserves the posterior cruciate ligament while 
removing the anterior cruciate ligament, there is a change in postoperative biomechanical balance. As a result, while the 
physiological angle of the posterior slope angle is restored, it fails to maximize postoperative knee function recovery.

In our study, no postoperative complications such as periprosthetic femoral fracture, prosthetic loosening, or pad wear 
were found, which could be attributed to the short follow-up duration.

Changes in the posterior slope angle after total knee arthroplasty have an impact on knee function rehabilitation. An 
excessive increase or reduction in angle can have an impact on the postoperative rehabilitation of knee function.26

Consistent with other studies, the present study has several strengths and weaknesses. One limitation was that there 
are many factors related to postoperative functional recovery after TKA, and the posterior slope is only one of them. 
Hence, a follow-up study is needed to discuss this point.

Conclusion
Osteotomy at various posterior slope angles in total knee arthroplasty impacts postoperative knee function rehabilitation. 
An excessive increase or reduction in angle can have an impact on the postoperative rehabilitation of knee function.
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