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A retrospective study on the radiographic evaluation of the tibial

component alignment in total knee arthroplasty and its

postoperative significance

Glenn Costa, Francesca Mercieca, Matthew Aquilina, Raymond Gatt

BACKGROUND

The goal of tibial component positioning in total knee arthroplasty is to
achieve neutral tibial alignment. Malalignment of the tibial component alters
the distribution of tibial loading, resulting in increased wear. The purpose of
this study was to correlate two radiological parameters (mechanical and
anatomical axis) of the tibial component in total knee arthroplasty with
patient related outcome measures at 5 years.

METHOD

91 primary total knee arthroplasties were considered in this study. Tibial
component alignment was assessed using post op radiographs. All x-rays
were taken immediately post operatively. The Oxford Knee Score was used
to quantify the patient’s pain and function following the total knee
arthroplasty. Patient follow up at Orthopaedic outpatients and date of
discharge were also considered. The radiographic outcome was then
correlated with the patient reported outcome over 5 years. Correlation was
measured using either the parametric Pearson correlation coefficient
(testing for a linear correlation) and its non-parametric counterpart; the
Spearman’s rank correlation coefficient.

RESULTS

There is a very weak correlation between the Oxford Knee Score and the
varus angle of deviation. The correlation is stronger in the valgus position,
but still not statistically significant. There is also a weak negative correlation
between the angle of deviation and the number of follow ups at Orthopaedic
outpatients.

CONCLUSION

From our study, we can conclude that an angle of deviation of < 6° in both
varus and valgus did not have a negative prognostic effect on patient
outcome.
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INTRODUCTION

Total knee replacement is an increasingly common
procedure; the number of procedures performed in
the last two decades has increased by 162% in the
US.! It is projected that the number of revisions will
have increased by 600% from 2005 to 2030.2

Implant malalignment following primary Total Knee
Replacement (TKR) has been reported to be the
primary reason for revision in 7% of revised TKRs.? It
has also been linked to a decrease both in implant
survival* as well as inferior patient reported
outcomes.’

The main objectives of knee arthroplasty surgery
are attainment of anatomical knee alignment and
soft tissue balancing. The analysis of the post-
operative x-rays is a helpful adjunct to ascertain
whether these objectives have been achieved and
thereby improve future results.®

The anatomic axis of the tibia is created by a line
drawn proximal to distal in the intramedullary canal.
This bisects the tibia in half and determines the
entry point for tibial medullary guide rod. The
mechanical axis of the tibia on the other hand is a
line from the centre of the proximal tibia to the
centre of the talus. On anteroposterior evaluation,
the mechanical and anatomic axis of the tibia
commonly correspond exactly to one another.

Serial radiographs can indicate potential failures
well before they manifest clinically. Therefore,
radiography plays an important role in both the
immediate postoperative period and during long
term follow-up. The purpose of this study was to
correlate two radiological parameters (mechanical
and anatomic axes of the tibia) with patient related
outcome measures at 5 years. Outcomes were
quantified through the Oxford Knee Score (OKS),” a
patient centered measurement tool that is widely
regarded for its reliability, validity and high
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response rate when measuring patient outcome
after TKR, and through number of patient follow-
ups required in the 5 years after the TKR procedure.

MATERIALS AND METHODS

A cohort of 92 primary TKRs carried out by an
orthopaedic firm in 2015 was considered in this
study. This consisted of all the primary TKRs carried
out in that year excluding revision TKRs and any
deceased patients. The list of patients was obtained
from the inpatient records at Mater Dei Hospital
(MDH). Seven different operators were involved in
the TKRs carried out in this study. 51% of the
procedures were carried out by a consultant
orthopaedic surgeon while 49% were carried out by
resident specialists in orthopaedics.

Tibial component alighment was assessed using
post op radiographs on the MDH Universal Viewer
(internal hospital software used to view and assess
radiological imaging). Placement of the tibial
component was measured using the angle between
the line across the base of the tibial plate and the
tibial shaft axis using the angle measurement
function on the MDH Universal Viewer.

An angle of 90° corresponds to neutral placement;
an angle >90° corresponds to valgus placement of
the tibial component; an angle <90° corresponds to
varus placement of the tibial component. All x-rays
used in this study were taken immediately post
operatively.

The OKS was used to quantify the patient’s pain and
function following the TKR. Patients were contacted
and asked the 12 questions from the score between
the months of March and April 2021. These were
translated into the final score (from 0 to 48, where
0 indicates the worst possible symptoms and 48
indicates the least amount of symptoms). For 10
patients, the OKS score could not be established.
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The number of follow-ups in each case was not pre-
determined by the firm. Prior to discharge, patients
were advised to contact the firm for an outpatient’s
appointment only if they had any concerns. This
policy applies to the firm under study.

Details regarding patient follow-up at Orthopaedic
outpatients (OOP) and date of discharge were
obtained from the Mater Dei electronic patient
database.

The radiograph findings (alignment, angle,
varus/valgus), OKS (0 to 48) and follow-up records
were documented and tabulated. The radiographic
outcome was then correlated with the patient
reported outcome over 5 years.

STATISTICAL ANALYSIS

Statistical analysis for any possible correlation
between salient attributes (90° deviation of the
tibial component, OKS and number of follow-ups
(F/Us) was carried out). Correlation was measured
using either the parametric Pearson correlation
coefficient (testing for a linear correlation) or its
non-parametric counterpart; the Spearman’s rank
correlation coefficient.® Correlation significance was
confirmed wusing a two-tailed t-test with a
significance level of 0.05.

The cohort sample size required to show a Pearson
correlation coefficient of 0.32 with a statistical
power of 80% and a significance level of 0.05 is 73
(as calculated in a similar study by Slevin et al® and
confirmed in).1® Thus, we are able to draw
statistically significant conclusions on correlation
within our cohort, both for F/Us (92 cases) and OKS
score (82 cases).

RESULTS

From a cohort of 92 patients, 60.9% had a varus
placement of the tibial component (0.1° — 7°
deviation) while 38.0% had a valgus placement (0.3°
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- 7.3° deviation). One of the patients had the tibial
component in the neutral position (1.1%).

The average OKS for patients with the tibial
component in varus was 41.06 while patients in
valgus had an average OKS of 40.87. The patient
with the tibial component in the neutral position
had an OKS of 48.

The average number of F/Us for patients with the
tibial component in varus was 4.20 while patients in
valgus had an average of 3.97 F/Us (Table 1).

The F/Us and OKS scores for each patient against
their corresponding tibial component deviation are
plotted in Figure 1 for the entire dataset, in Figure 2
for varus datapoints and in Figure 3 for valgus
datapoints. The dataset contains a number of
outliers both for the OKS results (only two sub-20
OKS scores) and for the F/Us (only two patients
requiring 20 or more F/Us). Thus, both the Pearson
correlation coefficient and the Spearman’s rank
coefficient were calculated in order to measure the
effect of the outliers on the correlation results.
Correlation values and statistical analyses are
provided in Tables 2-3 for the entire cohort, Tables
4-5 for patients with the tibial component in varus
and Tables 6-7 for patients with the tibial
component in valgus.

For all cases, no significant correlation was obtained
between either F/Us or OKS and the angle of
deviation (null hypothesis was not rejected in any
case considered). Some minor discrepancies
between the Pearson and Spearman coefficients
were obtained, mostly caused by the presence of
the afore mentioned outliers and the lack of a linear
relationship between the variables considered.
Additionally, the Pearson correlation between F/Us
and angle of deviation was very close to being
significant (Table 2) — it is possible that more data
samples could continue to reinforce the weak

negative correlation in the data.
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Table 1:
available.

Key metrics computed from our patient cohort.!The OKS for 82 patients out of the total of 92 were

Patient Statistics

Varus Valgus Neutral Total
Number of patients 56 35 1 92
Average Age 69.66 67.57 79.00 68.96
Percentage (%) 60.87 38.04 1.09 100
Average OKS! 41.06 40.87 48.00 41.07
Average number of 4.20 3.97 6.00 4.13
F/Us

Figure 1:  Scatter plot of OKS and F/Us against tibial component angle of deviation for all patients considered.
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Figure 2: Scatter plot of OKS and F/Us against tibial component angle of deviation for varus patients.
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Figure 3: Scatter plot of OKS and F/Us against tibial component angle of deviation for valgus patients.
OKS and F/Us in Valgus
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Table 2: Statistical analysis of follow-ups vs angle of deviation in all patients. In both cases, t-statistic is less

than the critical value (0.05), which means we cannot reject the null hypothesis (i.e. the two

quantities are uncorrelated).

Statistical Analysis of F/Us vs angle of deviation (all patients)

Pearson Spearman
Correlation coefficient -0.208 -0.101
Degrees of freedom (DF) 90 90
T-statistic 2.018 0.959
Critical value (0.05) 2.035 2.035

Table 3:

Statistical analysis of OKS vs angle of deviation in all patients. In both cases, t-statistic is less than

the critical value (0.05), which means we cannot reject the null hypothesis (i.e. the two quantities

are uncorrelated)

Statistical Analysis of OKS vs angle of deviation (all patients)

Pearson Spearman
Correlation coefficient -0.058 0.124
Degrees of freedom (DF) 80 80
T-statistic 0.518 1.115
Critical value (0.05) 2.035 2.035
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Table 4: Statistical analysis of follow-ups vs angle of deviation in patients with the tibial component in varus.
In both cases, t-statistic is less than the critical value (0.05), which means we cannot reject the null
hypothesis (i.e. the two quantities are uncorrelated).

Statistical Analysis of F/Us vs angle of deviation (Varus)

Pearson Spearman
Correlation coefficient -0.140 -0.021
Degrees of freedom (DF) 54 54
T-statistic 1.042 0.154
Critical value (0.05) 2.035 2.035
Table 5: Statistical analysis of OKS vs angle of deviation in patients with the tibial component in varus. In

both cases, t-statistic is less than the critical value (0.05), which means we cannot reject the null
hypothesis (i.e. the two quantities are uncorrelated)

Statistical Analysis of OKS vs angle of deviation (Varus)

Pearson Spearman
Correlation coefficient 0.004 0.122
Degrees of freedom (DF) 48 48
T-statistic 0.026 0.853
Critical value (0.05) 2.035 2.035
Table 6: Statistical analysis of follow-ups vs angle of deviation in patients with the tibial component in

valgus. In both cases, t-statistic is less than the critical value (0.05), which means we cannot reject
the null hypothesis (i.e. the two quantities are uncorrelated)

Statistical Analysis of F/Us vs angle of deviation (Valgus) ‘

Pearson Spearman
Correlation coefficient -0.285 -0.199
Degrees of freedom (DF) 33 33
T-statistic 1.705 1.167
Critical value (0.05) 2.035 2.035
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Table 7:

Statistical analysis of OKS vs angle of deviation in patients with the tibial component in valgus. In
both cases, t-statistic is less than the critical value (0.05), which means we cannot reject the null

hypothesis (i.e. the two quantities are uncorrelated)

Statistical Analysis of OKS vs angle of deviation (Valgus)

Pearson Spearman
Correlation coefficient -0.102 0.270
Degrees of freedom (DF) 29 29
T-statistic 0.552 1.513
Critical value (0.05) 2.035 2.035

DiscussiON

A successful TKR is the result of several factors.
Patient related characteristics such as age, gender
and body mass index play an important role in
operative outcome.'**3 Other factors relate to the
surgical technique: restoration of limb alignment,
correct component positioning as well as
satisfactory ligament balance.’** The cohort of
patients we selected for this study included all the
primary TKRs carried out in the same year by the
same orthopaedic firm. This served to eliminate
confounding factors such as changes in the
prosthesis used and the surgeon’s skill and
experience.

The radiological definition of “normally” aligned TKA
knees is debated,'®1” but most papers on implant
survival and radiological alignment have used some
deviation of 3° from a neutral alignment as a
threshold for what is acceptable for good long-term

results.18-20

The goal of tibial component positioning is to
maximize coverage to prevent settling,?! and to
achieve a neutral tibial alignment. The latter is
achieved by a proximal tibial cut 90° to the
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mechanical axis.?? Malalignment of the tibial
component alters the distribution of tibial loading,
which can lead to increased shear forces at the
tibiofemoral interface, resulting in increased wear.
Tibial malalignment of > 3° of varus has been
reported to increase the risk of medial bone
collapse.?®

Such a 3° threshold has also been chosen in
numerous other studies investigating results after
TKA,>?* and an alignment within 3° of the
mechanical axis has been considered to be the gold
standard.?*

The study by Kim et al. (2014)?> showed an increased
failure rate of 3.4% in TKAs with a tibial component
alignment other than neutral, compared to 0%
failure in neutrally aligned tibias. In our study, only
1 TKA had the tibial component in the neutral
position (1.1%). One possible reason for this is that
different patients may have different rotational
axes and the aim of TKR is to replicate these axes
and place the knee into the alignment it was in prior
to the development of arthritis or deformity. The
OKS of this patient was 48 (maximum score)
implying the best outcome in terms of pain and
function. However, the patient also required 6 F/Us
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which is higher than the average number of follow-
ups in both varus (4.20) and valgus (3.97). In the
rest of the cohort, no statistically significant
correlation between the angle of deviation and our
two patient outcome metrics was found.

Postoperative varus alignment has been associated
with lower knee scores and increased failure rates
(26) From our study, there was no statistically
significant difference in outcome between tibial
components in varus, in neutral and in valgus.

One of the main limitations in this study was the
sample size. A larger sample size with more
examples of tibial component placement in the
neutral position would have possibly provided more
insight into whether there is a significant difference
between the outcome of a netral placement vs
varus/valgus placement. Additionally, 66% of cases
had the tibial component with an angle of deviation
< 3°from the neutral axis. A larger sample of cases
with a higher angle of deviation would have also
helped provide more representative results.

In our study, we did not consider any possible
preoperative varus or valgus knee deformities
which could also have influenced the final outcome.
Obtaining neutral alignment can be challenging in
patients with substantial preoperative deformity
(26)  Knees with substantial preoperative varus
alignment are more likely to have postoperative

varus alignment.?’-28

When compared to other scores, the OKS is easier
to use and has a higher response rate. However, it
does not take into consideration the patient’s
comorbidities. Patients undergoing total knee
replacement are generally elderly and it is rare to
find patients without either comorbid medical
conditions or arthritis affecting other joints.?°

Other scores which could have been used in the
study and which are commonly found in the
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literature include the Hospital for Special Surgery
Knee Score (HSS Knee Score) and the Knee Society
Score (KSS). These scores include pain and function
but also consider other parameters like range of
motion, muscle strength, flexion deformity,
instability, and subtractions.3°

Only AP views of the knee joint were considered in
this study and the tibial shaft length was not
uniform in the post op radiographs. Radiographs of
the whole tibia or the use of CT scanograms could
have given more reliable results.3!

Most studies carried out considered both the
femoral and tibial components of the knee joint. The
femoral component was not considered in our
study. This could have influenced the final results.

Gromov et al. (2014)Y7 state that tibial components
should be placed in neutral alignment (90°). Most
studies show that a deviation of 3°from the neutral
alignment is acceptable for good long-term results.
From our study, we can conclude that the angle of
deviation does not seem to have any negative
correlation with patient outcome, both for varus
and valgus TKRs.

SUMMARY

e The goal of tibial component positioning in total
knee arthroplasty is to achieve neutral tibial

alignment.

e Malalignment of the tibial component alters
the distribution of tibial loading, resulting in
increased wear.

e Most studies show that a deviation of 3° from
the neutral alignment is acceptable for good
long-term results.

e This study correlated two radiological
parameters (mechanical and anatomical axis) of
the tibial component in total knee arthroplasty
with patient related outcome measures.
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From our results there was no statistically
significant difference in outcome between tibial
components in varus, in neutral and in valgus.

In our study, the angle of deviation in both
varus and valgus does not correlate with
patient outcome following TKR, as measured by
OKS and number of F/Us.
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