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Coronal tibiofemoral subluxation in patients with 
osteoarthritis was corrected after total knee 
arthroplasty
Ruibo Li, MDa,* , Peng Fu, BAb

Abstract 
The objective of this study was to investigate the effect of preoperative coronal tibiofemoral subluxation (CTFS) on postoperative 
mechanical alignment in patients undergoing total knee arthroplasty (TKA) for primary knee osteoarthritis (OA) and to investigate 
whether TKA can correct preoperative CTFS. We hypothesized that TKA would correct CTFS in patients with knee OA. A 
retrospective analysis of 102 patients with knee OA who underwent TKA was performed. The preoperative and postoperative 
CTFS and mechanical alignment were measured and compared. At the same time, the baseline values of CTFS and mechanical 
alignment in “normal” patients were measured and compared with those in the operation group. Eighty patients were eventually 
enrolled in the study. Mechanical alignment was corrected from 7.3 ± 5.2°, preoperatively, to 1.6 ± 2.3° postoperatively, while the 
tibiofemoral subluxation was corrected from 5.3 ± 2.6 mm, preoperatively, to 2.3 ± 2.7 mm postoperatively. There was no significant 
correlation between preoperative CTFS and gender (r = 0.03), BMI (r = −0.09), age (r = 0.05), or preoperative mechanical 
alignment (r = 0.09). In addition, there was no correlation between the degree of correction of CTFS and the degree of correction 
of overall mechanical alignment (r = 0.14). The difference between the value for CTFS in the “normal” patients and the preoperative 
value for arthritis cohorts were statistically significant (P = .004). However, no significant difference was appreciated between the 
value for CTFS in the “normal” patients and the postoperative value for TKA cohorts (P = .25). Preoperative CTFS does not affect 
postoperative mechanical alignment. Excellent TKA can correct preoperative CTFS in OA patients to reduce prosthesis wear and 
improve postoperative patient satisfaction.

Abbreviations: BMI = body mass index, AP = anteroposterior, CTFS = coronal tibiofemoral subluxation, OA = osteoarthritis, 
TKA = total knee arthroplasty, UKA = unicompartmental knee arthroplasty.
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Introduction

Total knee arthroplasty (TKA) is one of the most cost-effective 
and successful procedures in orthopedic surgery, which can effec-
tively relieve knee pain, restore knee function and improve the 
quality of life of patients.[1,2] Although the 10-year survival rate 
of TKA prosthesis is more than 90%, there are still up to 30% 
of patients who are not satisfied with the postoperative results or 
have pain symptoms.[3] Poor patient satisfaction and decreased 
prosthesis survival rate after TKA are not only related to females, 
higher body mass index (BMI), previous knee surgery, depression, 
diabetes, and other patient-related factors, but also related to 
poor prosthesis position and poor mechanical alignment.[4]

Subluxation of the tibia relative to the femur in the coronal 
plane has been reported as a common radiological finding in 
knee osteoarthritis (OA).[5] At the same time, some studies have 
confirmed that coronal tibiofemoral subluxation (CTFS) can 
lead to knee pain and poor knee function.[6]

Although studies have evaluated the effect of CTFS on high 
tibial osteotomy and unicompartmental knee arthroplasty 
(UKA),[7,8] and the effect of CTFS on polyethylene thickness and 
knee pain after TKA,[9] there is no study to describe whether 
the existence of CTFS will affect the postoperative mechanical 
alignment and whether the TKA can correct CTFS.

This is the first study to evaluate the effect of preoperative 
CTFS on postoperative mechanical alignment in patients with 
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TKA. The objective of this study was to investigate the effect of 
preoperative CTFS on postoperative mechanical alignment in 
patients undergoing TKA for primary knee OA and to investi-
gate whether TKA can correct preoperative CTFS. We hypoth-
esized that TKA would correct CTFS in patients with knee OA.

Materials and Methods
This study is a retrospective review of an institutional review 
board-approved database of a single surgeon. From January 
2018 to January 2020, 88 patients underwent a TKA for 
severe osteoarthritis. Inclusion criteria for this study were 
patients who received a TKA and received both preopera-
tive and postoperative standing, anteroposterior (AP) hip-
to-ankle radiographs. Exclusion criteria were the presence of 
inflammatory arthropathy, traumatic bone defect and insuf-
ficiency of ligaments around the knee joint. The presence of 
CTFS was not an exclusion criterion for this study. Gender, 
BMI, and age at surgery were recorded for all patients who 
met our inclusion criteria. All operations were performed 
by two experienced joint surgeons. The operation was per-
formed through a midline skin incision and a parapatellar 
medial arthrotomy. All surgeries were performed with poste-
rior stability prosthesis.

Standing, AP hip-to-ankle radiographs were taken at our 
institution both preoperatively and first week postoperatively. 
Be careful to ensure that each patient stood with their patellae 
facing forward to reduce rotation changes in the radiographs. 

Mechanical alignment of the lower limbs was measured preop-
eratively and postoperatively. The method for performing this 
measurement is demonstrated in Figure 1. The line connecting 
the center of femoral head and the center of distal femoral 
joint line formed the femoral mechanical axis. Similarly, the 
line connecting the center of proximal tibial plateau and the 
center of talar dome formed the tibial mechanical axis. The 
angle formed between the femoral and tibial mechanical axes 
was recorded as the overall lower extremity mechanical align-
ment (Fig. 1A).[10] For the measurement after TKA, the straight 
line from the center of the femoral head to the center of the 
distal component of the femur was defined as the mechanical 
alignment of the femur, and the straight line from the center 
of the talar dome to the center of the tibial platform compo-
nent was defined as the mechanical alignment of the tibia[11] 
(Fig. 1B). For convention, all (+) values corresponded with a 
varus alignment, and all (−) values corresponded with a valgus 
alignment.

On standing knee AP radiographs, the amount of CTFS was 
measured as the distance (mm) between the line tangential to 
the most lateral border of the femoral lateral condyle and the 
line tangential to the most lateral border of the tibial lateral 
condyle with 0.1 mm accuracy (Fig. 2). In addition, CTFS was 
measured in 30 patients without joint space stenosis or arthritic 
disease who had standing, hip-ankle films and were diagnosed 
with a simple meniscus injury or patellofemoral pain. These 
measurements are intended to provide baseline values for CTFS 
in patients without OA.

Figure 1. Radiographs demonstrating measurement of the overall lower extremity mechanical alignment both preoperatively (A), and after total knee arthro-
plasty (B). In this patient, the preoperative alignment was 8.3°, which was corrected to 0.6° postoperatively.
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All radiographic measurements were independently measured 
by two observers, and the results were assessed for interobserver 
reliability.

Statistical methods

Continuous variables are presented as mean value and standard 
deviation. Paired-sample T test was used to compare the changes 
in mechanical alignment and the degree of CTFS before and 
after surgery, and independent sample T test was used to com-
pare the baseline values with the surgical group. A t test sample 
size estimation yielded a group size of 34 patients (alpha, 0.05; 
power, 0.8; effect size 0.5). A 2-sided P value of .05 was con-
sidered statistically significant. Interclass correlation coefficients 
for radiographic measurements were graded using semi-quan-
titative criteria: excellent for 0.9≤r≤1.0, good for 0.7≤r≤0.89, 
fair/moderate for 0.5≤r≤0.69, low for 0.25≤r≤0.49, and poor 
for 0.0≤r≤0.24. In addition, correlation coefficients between the 
values for CTFS, patient demographics, and mechanical align-
ment were calculated.

Results
A total of 80 patients were included in the study, including 32 
males and 48 females, with a mean age of 67.2 ± 6.4 years and 
a mean BMI of 24.2 ± 2.1. Four patients were excluded from 
the study because of inflammatory joint disease, 2 because of 
bone defects, and 2 because of ligament defects. The mean pre-
operative mechanical alignment was 7.3°±5.2°, while the mean 
postoperative alignment was 1.6°±2.3°, a difference that was 
statistically significant (P < .001). This corresponded with a 
mean mechanical alignment correction of 6.1°±3.8°. The mean 
preoperative CTFS was 5.3 ± 2.6 mm, while the mean postoper-
ative subluxation was 2.1 ± 1.0 mm, a difference that was sta-
tistically significant (P < .001). This corresponded with a mean 
CTFS correction of 3.4 ± 2.7 mm. There was no significant cor-
relation between preoperative CTFS and gender (r = 0.03), BMI 

(r = −0.09), age (r = 0.05), or preoperative mechanical alignment 
of lower limbs (r = 0.09). In addition, there was no correlation 
between the degree of correction of CTFS and the degree of cor-
rection of overall mechanical alignment (r = 0.14).

We also measured CTFS and mechanical alignment in 30 
patients (mean age 37.6 ± 10.6 years) who had no radiographic 
manifestations of knee OA. These patients were diagnosed with 
a simple meniscus injury and presented to our hospital. The 
mean value for CTFS in this cohort was 2.3 ± 1.2 mm, while the 
mean lower extremity mechanical alignment was 1.8°±2.1°. The 
difference between the value for CTFS in the “normal” patients 
and the preoperative value for arthritis cohorts were statisti-
cally significant (P = .004). However, no significant difference 
was appreciated between the value for CTFS in the “normal” 
patients and the postoperative value for TKA cohorts (P = .25).

Finally, the interobserver correlation coefficients for mechan-
ical alignment and CTFS were good, with 0.81 and 0.79, 
respectively.

Discussion
There are 2 main findings from this study. First, the degree of 
CTFS in patients with knee OA does not affect the alignment 
of the lower extremity after TKA. Second, TKA can properly 
correct CTFS in patients with knee osteoarthritis, and the degree 
of correction has no significant correlation with postoperative 
mechanical alignment. This is the first study to investigate the 
relationship between CTFS in the coronal plane and postopera-
tive mechanical alignment after TKA.

The lateral displacement of femur after TKA has a great 
relationship with the operation technique. For knee implants, 
maximum bone coverage is generally required without any 
overhang. If the femoral implant is positioned more medially in 
relation to the tibia, the femoral bone relatively shifts laterally. 
In addition, the femoral implant size is not always equal to the 
tibial implant size. In TKA, manufacturers usually recommend 
combinations of equal femoral and tibial implant sizes as well 
as one size smaller and larger. As a consequence, combinations 

Figure 2. The preoperative (A) coronal tibiofemoral subluxation distance was 4.6 mm. Postoperatively (B) the femur shifted laterally and the coronal tibiofemoral 
subluxation was corrected.
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of equal tibial and femoral component sizes or tibial one size 
larger cause the femoral bone to shift laterally.[4] In addition, 
the medial and lateral structures of the proximal tibia are asym-
metric. According to the theory of Maderbacher G,[4] proximal 
tibial anatomy differs between the medial and lateral cortex; 
the medial cortex is medially oblique, while the lateral cortex 
is straight, and sometimes it even leans inward. In the case of 
proximal tibial resection, due to the oblique anatomy of the 
medial border, the medial border relatively shifts laterally while 
the lateral border does not change or even shifts laterally too; 
therefore, the tibial prosthesis will shift laterally relative to the 
tibia, the femur can also shift laterally.

Up to 20% of TKA patients are dissatisfied after surgery[12] 
and most of these patients present with pain in the front of the 
knee[13] CTFS after TKA may change the patellar kinematics to 
some extent, and whether this change will relieve anterior knee 
pain or cause persistent pain in front of knee after surgery is still 
unclear, and further studies are needed in the future.

Prosthesis wear after TKA is directly related to mechanical align-
ment.[14,15] Interestingly, the amount of CTFS correction did not cor-
relate with the amount of overall, mechanical alignment correction. 
In addition, the amount of preoperative subluxation demonstrated 
little to no correlation with the patient’s sex, age, BMI, or degree of 
preoperative deformity. This indicates that CTFS is an independent 
imaging parameter of the knee joint, which is consistent with the 
results of Nam D.[7] Scott RD et al.[16] believed that CTFS after UKA 
would accelerate polyethylene wear. Unfortunately, our study did 
not investigate the relationship between CTFS and polyethylene 
wear in a long-term follow-up, so it is not clear whether CTFS 
accelerates polyethylene wear after TKA.

To date, the match between the femoral and tibial components 
of all knee prostheses has been constant, regardless of the degree 
of preoperative tibiofemoral subluxation. However, the relative 
displacement of the tibia and femur in the coronal plane after TKA 
may alter the tension of the ligaments and soft tissues around the 
knee, leading to knee dysfunction or persistent pain in the knee. 
Therefore, further studies are needed in the future to find the 
most appropriate tibiofemoral coronal plane matching position. 
At least, the authors of this study believe that the extent of the 
coronal subluxation of the tibiofemoral joint should be taken into 
account when the operator makes preoperative planning, not only 
the correction of the mechanical alignment of the lower limbs.

The present study has several limitations. The study included 
only a small number of knees, which might have influenced our 
presented findings. In the present study, only 1 implant was 
used. The described effect might be implant-related and not 
transferable to other implants. While the same protocol was 
used for obtaining each patient’s preoperative and postopera-
tive AP, standing, and hip-to-ankle radiographs, these studies 
are still subject to rotational variations that may affect our mea-
surements. In addition, we did not evaluate the postoperative 
knee joint score, nor did we have a longer clinical follow-up for 
these patients, so we could not evaluate the difference in long-
term knee joint function.

Conclusion
Preoperative CTFS does not affect postoperative mechanical 
alignment. Excellent TKA can correct preoperative CTFS in OA 

patients to reduce prosthesis wear and improve postoperative 
patient satisfaction.
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