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ARTICLE INFO ABSTRACT

Article history: Background: The purpose of this retrospective cohort study was to investigate the influence of
Received 21 April 2018 parameters of malalignment on knee function 5 years post TKA and, additionally, to explore al-
Received in revised form 5 September 2018 . . .
Accepted 30 September 2018 terations in patellar height after TKA.

Methods: All 661 patients undergoing TKA between 2010 and 2011 were considered for inclu-
sion. Preoperative and 1-year postoperative short-leg radiographs were assessed for
malalignment parameters: coronal tibial angle (cTA), sagittal tibial angle (sTA), femoral flexion

?S{:‘l/ (;zg‘:e Arthroplasty angle (FFA) and mediolateral tibial mismatch. Patellar height was measured using the modified
Alignment Insall-Salvati ratio. We determined improvements in knee function utilizing the Knee Society
Placement Score (Function score, KSS-F), Oxford Knee Score (OKS) and Algofunctional index (Al). Influ-
Patellar height ences of malalignment parameters were analyzed univariate and selected (p < 0.10) for multi-
X-ray variate linear regression analysis. Inter-observer reproducibility was assessed by test-retest

analysis of 30 randomly selected radiographs and calculation of an intra-class correlation coef-
ficient (ICC) for all radiographic parameters.
Results: Three-hundred and four patients were included. Multivariate regression showed de-
grees of cTA malalignment to be significantly associated with only the KSS-F (3 = —3.52). Cor-
rection of coronal deformity was stronger associated with knee function (KSS-F 3 = 2.81; Al
3 = —0.36). Patellar height was significantly reduced after TKA (1.51 vs 1.44). Decrease of pa-
tellar height was weakly associated with the OKS (3 = 10.69). ICC scores were: cTA 0.81, sTA
0.57, IS 0.72, FFA 0.75.
Conclusion: Postoperative coronal tibial plate alignment and correction of preoperative coronal
deformity are associated with improved knee function 5 years post TKA. Decrease in patellar
height was weakly associated with knee function. Short-leg radiography can be a sufficient
screening tool for prosthesis alignment.
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1. Introduction

Knee osteoarthritis (OA) is one of the most common joint diseases in the world and a major cause of pain and disability in
developed countries [1-4]. Non-surgical treatment is initially preferred and includes, among others, analgesics (paracetamol,
NSAIDs and/or morphine), physical therapy and intra-articular corticosteroids [5]. When debilitating symptoms such as pain
and functional impairment develop, joint arthroplasty is the remaining option for relief of pain and symptoms. Total Knee
Arthroplasty (TKA) is the golden standard and is known to provide satisfactory outcomes [6-10].

Pre- and postoperative work-up consists of conventional anteroposterior and lateral short-leg radiographs on which alignment
of the knee is roughly assessed. There are different alignment strategies that can be utilized to acquire optimal alignment after
TKA; mechanical, anatomical and kinematic alignment [11]. As kinematic alignment strives to recreate pre-arthritic location
and obliquity of the joint line, mechanical and anatomical alignment focuses on establishment of the joint line perpendicular to
the mechanical or anatomical axis of the tibia and femur. The traditional presumption that correct alignment is imperative to en-
sure long-term survival has been disproved [12-17]. However, the impact of prosthesis alignment on knee function is still a sub-
ject of discussion in the literature. A recent systematic review of 18 studies reported conflicting evidence on the relationship
between parameters of malalignment and patient reported outcomes [18]. More recent studies tend to show no association
between prosthesis malalignment and knee function [19-21]. However, most of the included studies had a short follow-up
period, a small sample size and/or included just one or two measures of malalignment. Assessment of multiple measures of
malalignment is crucial for correct clinical evaluation of the prosthesis due to the close relationship between the components
in TKA [22,23].

Furthermore, problems involving the patellofemoral joint can be a cause for revision surgery. Two well-known examples are
persisting anterior knee pain post-surgery and patellar luxation [24-27]. Knee arthroplasty is known to influence the patellofemoral
relationship in two ways. First, recent evidence identifies excessive flexion of the femoral component to result in disruption of
the patellofemoral complex [28,29]. Secondly, patellar height can significantly reduce after TKA, possibly resulting in patella baja
[30-34].

The current study aims to further clarify the combined influences of multiple parameters of prosthesis alignment and patellar
height on knee function, by comparing patient reported outcome measures after TKA. We attempt to improve insight on the value
of present post-operative X-ray follow-up.

2. Methods
2.1. Design

Retrospective observational study.

2.2. Patients

All consecutive 661 patients who underwent TKA in 2010 and 2011 were considered for inclusion in this study. Inclusion
criteria for the current study were: end-stage symptomatic knee osteoarthritis requiring TKA, availability of pre- and 1 year
postoperative short-leg knee radiographs (anteroposterior and lateral) and completion of a 5-year postoperative question-
naires. There were no further exclusion criteria. All patients received pre- and postoperative care according to joint arthroplasty
protocol of our hospital.

2.3. Surgery

All patients were operated using a medial parapatellar approach and a non-cemented mobile bearing total knee prosthe-
sis without patellar prosthesis (LCS complete, DePuy, Zurich, Switzerland). A tourniquet was not used. No synovectomy was
performed. After lege artis mechanically aligned TKA utilizing gap balancing, staples were used for wound closure. The
wound was covered by an absorbing bandage and a tricot compression bandage was administered continuously for
2 days. Upon removal of the tricot compression bandage the wound was covered with a sterile non-woven bandage for
the remaining admission period. After surgery, all patients participated in a rehabilitation program under the supervision
of a physical therapist. Postoperative controls with radiographic evaluation were done after 6 weeks and 1 year in the out-
patient clinic.

2.4. Baseline parameters

Preoperative age, ASA-classification, Body Mass Index (BMI), perioperative blood loss, total hospital stay (in days) and the
Kellgren-Lawrence grade for severity of knee osteoarthritis [35] were extracted from the electronic hospital database. All clinical
records were furthermore assessed for the presence of complications associated with the surgery for a minimum of 5 years post-
operative. To prevent selection bias, age, gender, total hospital stay, ASA-classification and several radiographic parameters were
compared between in- and excluded patients.
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2.5. Radiographic measurements

Radiographic parameters that encompass prosthesis alignment included: coronal tibial angle (cTA, coronal angle between the
tibial plate and the anatomical axis of the tibia, ideally between 87° and 93°), sagittal tibial angle (sTA, sagittal angle between the
tibial plate and the anatomical axis of the tibia, ideally between 83° and 90°), the degrees flexion/extension of the femoral com-
ponent with respect to the femoral anatomical axis (Femoral flexion angle, FFA, ideally <7°), mediolateral tibial mismatch (coro-
nal mismatch between the borders of the prosthesis and the tibial bone, sagittal placement was not assessed) and patellar height
(modified Insall-Salvati ratio) [36] (Figures 1 & 2). Decrease in patellar height was compared to knee function.

We furthermore determined the amount of degrees of malalignment and operative deformity correction for both tibial angles (cTA
and sTA). For example, a knee with a cTA of 97° (or 83°) with the prosthesis in situ has a malalignment (e.g. deviation from normal) of 4°
(normal range for cTA is 87-93°). If the preoperative valgus deformity was 100° (or 80° varus), the operative correction is 3°.

All radiographic parameters were measured on preoperative and 1-year postoperative short-leg radiographs. All weight-bearing
anteroposterior (AP) and supine lateral (LAT) radiographs were assessed by three different authors (RR, FB, PN). Inter-observer reproduc-
ibility was assessed by test-retest analysis of 30 randomly selected radiographs and calculation of an intra-class correlation coefficient
(ICC) for all radiographic parameters.

2.6. Predictors

We selected radiographic and clinical parameters for inclusion in the regression analysis. Radiographic parameters included
CTA (degrees of malalignment and deformity correction), sTA (degrees of malalignment and deformity correction), decrease in pa-
tellar height (modified Insall-Salvati ratio), FFA and tibial mismatch (with medial overhang and lateral overhang separately ana-
lyzed). Clinical parameters included age, BMI, operation time, ASA-classification and Kellgren-Lawrence grade.

2.7. Patient reported outcome measures

We compared the previously described radiographic parameters to several patient reported outcome measures (PROMs).
PROM:s included the Oxford Knee Score (OKS), Knee Society Score for function (KSS-F) and Algofunctional index (Al). The Oxford
Knee Score is a reliable and sensitive score derived from a 12-item questionnaire that focuses on subjective knee function and
pain [37]. Resulting scores range from 0 (worst outcome) to 48 (best outcome). The OKS is one of the first questionnaires to
focus on satisfactory elements of the patient instead of the surgeon and provides an international measure of outcome that is

Figure 1. Preoperative measurements of deformity. a) AP radiograph. a = coronal tibial angle (cTA, i.e. valgus angle + 90°). b) Supine lateral radiograph. p =
sagittal tibial angle (sTA), A/B = modified Insall-Salvati ratio.
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Figure 2. Postoperative measurements of alignment. a) AP radiograph. o = coronal tibial angle (cTA, i.e. valgus angle + 90%). b) Supine lateral radiograph. p =
sagittal tibial angle (sTA), A/B = modified Insall-Salvati ratio, y = femoral flexion angle (FFA).

short and practical. The OKS is also a joint specific questionnaire, which results in specific outcomes and minimalizes influences
from other comorbidities [38]. The KSS is a clinical rating system and is divided into 2 domains (knee score (KSS-K) and function
score (KSS-F)) and is internationally considered to have a good construct validity [39,40]. Scores range from 0 (worst) and 100
(best). Due to the lack of an appointment in the outpatient clinic in case of a good functioning knee prosthesis, the KSS knee
score was excluded of analysis after 5 years. The Al of knee OA consists of 3 domains objectifying pain, discomfort, morning stiff-
ness and activities of daily living [41]. Every domain contributes up to 8 points and is aggregated to result in a maximum score of
24, where 1 is the best outcome and 24 represents the worst outcome. These scores provide a representative image of the objec-
tive and subjective knee function, more specifically patient reported pain and satisfaction. We calculated change from baseline
(CFB) values for all 5-year PROMs to use for the regression analysis. All patients received a questionnaire preoperative and
5 years postoperative. An additional questionnaire was sent to patients who did not respond to the initial one.

2.8. Statistics

Statistical analysis was done with SPSS version 24.0 (IBM Company; Chicago, Illinois). All associations with potential predictive
factors (radiographic and clinical) were initially approached with a univariate linear regression analysis for all three PROMs. We
selected all significant variables (with adjusted significance level of 0.10) for each PROM to include in the multivariate linear re-
gression. Due to a mediating role of deformity correction in the outcome of degrees of malalignment (for cTA and sTA), we made
separate models for each. Moreover, we performed a subgroup analysis (linear regression) separately for preoperative varus and
valgus deformed knees. A power analysis with an alpha-error of 5%, 85% power and a maximum of 5 predictors resulted in a min-
imal sample size of N = 102. P-values <0.05 were considered statistically significant.

3. Results

After in- and exclusion of participants, a remaining population of 304 patients (304 knees; 157 right knees, 147 left knees) were in-
cluded in the analysis. Distribution of age, gender, total hospital stay, ASA-classification, preoperative alignment angles (cTA, sTA and pa-
tellar height), postoperative alignments angles (cTA, sTA, patellar height and FFA) and all baseline PROMs were comparable among in-
and excluded patients. All patients had a radiographically proven diagnosis of knee osteoarthritis. The population consisted of 103
males and 201 females. Fifty-four patients (17.8%) had an ASA classification of I, 218 (71.7%) were classified as ASA Il and 32 patients
(10.5%) as ASAIL One patient had a radiographic osteoarthritis classification according to Kellgren and Lawrence of 1 (0.3%), 53 were clas-
sified as Il (17.4%), 221 as Ill (72.7%) and 29 as IV (9.5%). Two-hundred twenty-three knees showed preoperative varus deformity of the
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Table 1
Baseline clinical and radiographic characteristics (n = 304).

Mean (SD) Median (Range)
Age (years) 68.4 (9.2) 68.0 (41.0-89.0)
BMI (kg/m?) 28.9 (4.7) 28.4 (16.5-47.7)
Operation time (minutes) 50.7 (12.1) 51 0 (22.0-83.0)
Total hospital stay (days) 4.5 (2.7) 0 (0.4-42.0)
Perioperative blood loss (ml) 159.0 (84.4) 150 0 (0.0-550.0)
cTA (°) 87.2 (3.0) 87.0 (71.0-96.0)
STA (°) 81.4 (4.2) 81 0 (70.0-90.0)
Patellar height 1.5(0.2) 5(1.1-3.0)
OKS (Preoperative) 249 (7.8) 26 0 (2.0-48.0)
KSS-F (Preoperative) 52.1(21.2) 55.0 (0.0-100.0)
KSS-K (Preoperative) 51.8 (18.4) 52.0 (0.0-100.0)
Al (Preoperative) 12.1 (3.7) 12.0 (1.5-21.0)

cTA = coronal tibial angle, STA = sagittal tibial angle, SD = standard deviation, OKS = Oxford Knee Score, KSS-F = Knee
Society Score, Function score, KSS-K = Knee Society Score, Knee score, Al = Algofunctional index.

tibial plate (73.4%, range 1°-19°), 34 knees valgus deformity (11.2%, range 1°-6°) and the remaining 47 knees had neutral preoperative
alignment (15.5%). The mean preoperative patellar height (modified Insall-Salvati ratio) was 1.51 £ 0.19, which reduced significantly
after TKA to 1.44 + 0.19 (p = 0.00). The remaining baseline characteristics and preoperative knee function scores are summarized in
Table 1. Postoperative radiographic characteristics and knee function scores after 5 years are shown in Table 2. ICC values for all radio-
graphic measures are summarized in Table 3.

Out of the included 304 patients, a total of 34 complications (in 30 patients) were registered. Radiographic aseptic loosening
was found 2 times, 1 patient needed a blood transfusion after surgery, there were 3 superficial wound infections, 2 patients de-
veloped a deep prosthetic joint infection (both underwent revision surgery), 12 knees were revised, 2 knees were re-operated for
other reasons and 12 knees were Mobilized Under Anaesthetics (MUA).

Table 4 shows univariate analyses for all three PROMs (expressed as change from baseline outcomes). All variables were then se-
lected (with adjusted significance level of 0.10) and included in a multivariate regression analysis. These results are shown in Table 5
(degrees of malalignment) and Table 6 (deformity correction). Multivariate regression showed degrees of cTA malalignment to be
significantly associated with only the KSS-F (3 = —3.43). Correction of coronal deformity was slightly stronger associated with
knee function, showing significant 3-coefficients in two of three investigated PROMs (KSS-F 3 = 2.87; Al = —0.36). Change in pa-
tellar height was significantly associated with the OKS (3 = 10.69). No differences in knee function were found for other radiographic
parameters. Table 7 shows results of the linear regression analysis specified for preoperative varus and valgus deformity.

4. Discussion

This retrospective cohort study was designed to investigate the influences of prosthesis alignment and decrease in patellar
height on knee function 5 years after TKA. We found coronal tibial component malalignment to be significantly associated with
inferior improvement in KSS-F scores. Operative correction of preoperative coronal tibial plate deformity is even stronger associ-
ated with improved knee function (KSS-F and Al). Decrease in patellar height was associated with lower improvements in the
OKS. Sagittal tibial component alignment, mediolateral tibial component mismatch and femoral flexion angle do not seem to com-
promise knee function. These findings consequently emphasize the role of current postoperative short-leg X-ray follow-up.

There have been a few studies that investigate the influence of postoperative coronal tibial component alignment on knee
function [19-21,43]. All studies exclusively focus on varus-type OA. Magnussen et al. (2011) investigated the association between
residual tibial component varus and inferior knee function, reporting worse outcomes in knee function after a median follow-up
of 4.7 years in 553 knees [43]. The current study further supports the burden of evidence, showing a similar relationship between
degrees of coronal tibial component malalignment and worse outcome after 5 years in 304 knees. Discrepancy in literature may
be due to a shorter follow-up and smaller sample size used by the studies that did not report an association. An important note is

Table 2
Postoperative radiographic characteristics and PROMs at 5 year follow-up (n = 304).

Mean (SD) Median (Range)
cTA (°) 91.9 (2.7) 92.0 (84.0-106.0)
STA (°) 81.2 (3.9) 81 0 (70.0-97.0)
Patellar height 14 (0.2) 4(1.0-2.1)
FFA (°) 4.5 (3.7) 0 (—2.0-18.0)
OKS (5 year) 38.7 (9.6) 42 O (6.0-48.0)
KSS-F (5 year) 67.2 (26.9) 70.0 (0.0-100.0)
Al (5 year) 5.5 (4.8) 4.5 (0.0-20.0)

cTA = coronal tibial angle, sTA =

sagittal tibial angle, FFA = femoral flexion angle, SD = standard devia-

tion, OKS = Oxford Knee Score, KSS-F = Knee Society Score, Function score, KSS-K = Knee Society Score,
Knee score, Al = Algofunctional index.
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Table 3

Inter-observer correlation coefficients for all measured radiographic parameters.
Values >0.50 are considered moderate reliable measures, values >0.75 are considered
good/excellent reliable measures [42].

Coronal tibial angle (cTA, °) 0.81
Sagittal tibial angle (sTA, °) 0.57
Patellar height (modified Insall-Salvati ratio) 0.72
Femoral Flexion angle (°) 0.75

the fact that only one of three PROMs investigated in the current study reflects these results. However, we did find this associa-
tion in the KSS-F, which corresponds with the outcome used by Magnussen et al. [43].

Previous studies that have taken preoperative knee deformity into consideration focus on limb alignment, with most authors
reporting non-inferior results with residual varus alignment of the limb [15,21,32,43,44]. All cited studies did not explore tibial com-
ponent alignment with respect to preoperative tibial plate deformity. Our study is the first to investigate the influence of coronal tibial
plate deformity correction on knee function, showing improved results after TKA (KSS-F 3 = 2.87; Al 3 = —0.36). Considering the
minimal clinical important differences (MCID) of the KSS-F (6.1-6.4), a coronal tibial plate deformity correction of 2° during TKA
might be of clinical relevance [45]. These results emphasize the advanced pathologic changes in the knee joint of patients with
progressed OA and the importance of restoring premorbid tibial bone anatomy [46,47]. Subsequently, perioperative kinematic TKA
alignment might prove superior to mechanical alignment as it restores pre-arthritic knee kinematics, but the burden of evidence is
not sufficient and more research is needed [11]. Another major consideration in tibial component alignment is ligament balancing.
Proper perioperative ligament balancing contributes to knee stability and function at least as much as tibial component alignment,
especially in severely deformed varus or valgus knees [48-50]. Due to the small incidence of valgus deformity in the current study
(n = 34), a future study including solely knees with valgus deformation should be undertaken to accurately define the impact of re-
sidual valgus orientation of the proximal tibia on knee function after TKA.

Our study found no evidence for excessive flexion of the femoral component (FFA) to be associated with worse outcomes. In
contrast, a previous case-control study identified flexion of the femoral component to be more prevalent in a group with
patellofemoral instability. This discrepancy is likely to be explained by the selective and small study population used (n = 52).
Therefore, flexion of the femoral component might be a risk factor for post-TKA patellofemoral instability but there is insufficient
evidence for an association with knee function.

We found a decrease in patellar height after TKA to be correlated to the OKS after 5 years (3 = 10.69). This translates into a
needed decrease of 0.47 after TKA to be of clinical importance (MCID = 5.0) (as measured with the OKS) [51]. A decrease in

Table 4

Univariate analysis of all radiographic parameters and demographic data. All values are shown as unstandardized 3-values, their respective 95% confidence intervals
and P-values. P-values <0.10 are included in multivariate regression. Categorial predictors (ASA classification and Kellgren-Lawrence grade) were coded using dummy
variables, with the first category as reference value. All values in bold are considered statistically significant (P <0.05).

OKS (CFB) KSS-F (CFB) Al (CFB)
B (95% CI) p B (95% CI) p B (95% CI) p

cTA (°)

Degrees of malalignment —0.46 (—1.19; 0.28) 0.22 —3.97 (—643; —1.51) 0.00 0.26 (—0.11; 0.63) 0.17

Deformity correction® 0.40 (—0.14; 0.93) 0.15 3.04 (1.28; 4.80) 0.00 —0.37 (—0.64; —0.10) 0.01
STA (°)

Degrees of malalignment —0.27 (—0.68; 0.14) 0.20 0.19 (—1.19; 1.57) 0.79 0.09 (—0.12; 0.30) 0.40

Deformity correction® 0.09 (—0.24; 0.43) 0.58 0.43 (—0.69; 1.56) 045 —0.06 (—0.23;0.11) 047
Patellar height (decrease) —9.92 (—0.32; —19.51) 0.04 —29.14 (— 61.65; 3.37) 0.08 0.05 (—4.83;4.92) 0.99
FFA (°) 0.07 (—0.77; 0.91) 0.87 —0.83 (—3.66; 1.99) 0.56 —0.04 (—0.20; 0.11) 0.60
Tibial mismatch (+) 1.63 (—0.94; 4.19) 0.21 1.50 (—7.21; 10.22) 0.74 —0.68 (—1.97;0.61) 0.30

Medial overhang (&) —0.64 (—5.51; 4.22) 0.80 —5.73 (—22.20; 10.73) 0.49 —1.01 (—3.45; 1.43) 0.42

Medial underhang (+) 1.46 (—4.06; 6.99) 0.60 5.91(—12.79; 24.61) 0.54 —0.03 (—281;2.74) 0.98

Lateral overhang () —0.91 (—5.78; 3.96) 0.71 —9.03 (—25.96; 7.89) 0.29 —1.05 (—2.55; 2.34) 0.93

Lateral underhang (&) 3.83 (—0.38; 8.04) 0.12 9.05 (—5.23; 23.33) 0.21 —0.39(—251;1.74) 0.72
Age (years) —0.14 (—0.26; —0.02) 0.03 —1.13 (—1.53; —0.74) 0.00 0.06 (—0.01; 0.12) 0.07
BMI (kg/m?) 0.03 (—0.21; 0.27) 0.80 —1.15 (—1.94; —0.35) 0.01 0.06 (—0.06; 0.19) 0.30
Operation time (minutes) 0.04 (—0.06; 0.14) 0.42 0.10 (—0.22; 0.42) 0.53 —0.01 (—0.06; 0.04) 0.64
ASA Classification (I-III)

[vsll —2.34(—5.33;0.64) 0.12 —14.06 (— 23.57; —4.56) 0.00 1.12 (—0.38; 2.62) 0.14

Tvs Il —2.90 (—7.28; 1.48) 0.19 —43.71 (— 57.66; —29.76) 0.00 2.22 (0.01; 4.42) 0.05
Kellgren-Lawrence grade (I-IV)

Lvs Il —0.43 (—20.34; 19.48) 0.97 0.66 (—66.31; 67.62) 0.99 1.04 (—8.97; 11.06) 0.84

Tvs I 0.23 (—19.54; 20.00) 0.98 6.67 (—59.81; 73.16) 0.84 1.05 (—8.89; 10.99) 0.84

TvsIV 1.51 (—18.55; 21.58) 0.88 1.14 (—66.33; 68.61) 0.97 —0.37 (—10.46; 9.72) 0.94

cTA = coronal tibial angle, sSTA = sagittal tibial angle, FFA = femoral flexion angle, OKS = Oxford Knee Score, KSS-F = Knee Society Score, Function score,
Al = Algofunctional index, CFB = change from baseline.
2 Deformity correction = preoperative angle of deformity (°) - postoperative angle of malalignment (°).
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Table 5
Multivariate regression analysis with degrees of malalignment for cTA as independent variable. All values are shown as unstandardized 3-values and their respective
95% confidence intervals (95% CI). Categorial predictors (ASA classification) were coded using dummy variables, with the first category as reference value.

OKS (CFB) KSS-F (CFB) Al (CFB)
B (95% CI) p B (95% CI) p B (95% CI) p
cTA, Degrees of malalignment (°) NI —343 (—5.70; —1.17) 0.00 NI
Patellar height (decrease) 10.69 (1.14; 20.24) 0.03 NS NI
Age (years) —0.14 (—0.26; —0.01) 0.04 —1.00 (—1.40; —0.60) 0.00 NS
BMI (kg/m?) NI —1.05 (—1.80; —0.29) 0.01 NI
ASA Classification (I-11I)
Lvs Il NI NS NS
[vs Il NI —21.51 (—33.26; —9.75) 0.00 NS

cTA = coronal tibial angle, sTA = sagittal tibial angle, FFA = femoral flexion angle, OKS = Oxford Knee Score, KSS-F = Knee Society Score, Function score,
Al = Algofunctional index, CFB = change from baseline, NI = not included, NS = not significant.

patellar height of this magnitude is very unusual after conventional TKA. Our findings support the evidence found in the recent
study performed by Davies and colleagues [52]. These results do not infer that decrease in patellar height after TKA should be con-
sidered irrelevant, as there still is a specific population of patients with a preoperative low-riding patella that is at risk for devel-
oping patella baja. A large addition with the current study is the use of the modified Insall-Salvati ratio. In contrary to the
conventional Insall-Salvati ratio, the modified ratio accounts for patella morphology. This approach identifies the population suf-
fering with patellar symptoms significantly more accurately [36]. Unfortunately, cut-off points for patella baja using the modified
Insall-Salvati ration have not yet been defined. Future research is needed to define this cut-off point and thereby increasing the
utility of the modified ratio to identify clinical significant decreases in patellar tendon length after TKA.

Mediolateral tibial component mismatch was found not to influence knee function after 5 years in the current study. Previous
literature reports conflicting results [53], more recent studies show mediolateral overhang to be associated with worse function
after 1 year [54,55] and one other study describes no differences in knee function after 5 years [56] This could be explained
due to inadequate determination of the location of over-underhang (side-specification), resulting in pooling of data and subse-
quently possible diluted p-values.

Post-arthroplasty follow-up using short-leg radiographs is currently standard clinical practice in most European orthopedic clinics
due to lower costs and capability to identify crude anomalies. Even though ICC values for coronal measurements in the current study
were good (Table 3, 0.81 for cTA), there are limitations to the usage of short-leg films in the accuracy of determining these angles. A
study performed by Park et al. (2016) showed anatomical tibial component alignment on short-leg radiography to not always corre-
late to the true mechanical alignment on long-leg radiographs (r = 0.62) [57]. However, means and standard deviations for cTA on
postoperative short-leg radiographs did not differ much from the true cTA on long-leg radiographs in the study by Park and colleagues
(88.75 £ 2.18° and 89.99 + 1.91° respectively) [57]. As the current study analyzed data on a continuous scale in a large group of pa-
tients, the limitations of short-leg radiography were minimalized and external validity to clinical practice was maximized. It is true,
however, that weight bearing long-leg radiography allow for more accurate determination of the mechanical axis and assessment of
whole-limb interaction of the prosthesis. However, one would still need an additional X-ray for assessing patellar height (in 30° knee
flexion) and incorporating long-leg radiography in standard TKA follow-up would be cost inefficient and time-consuming. We there-
fore recommend continuation of standard TKA follow-up with short-leg radiography, as this modality allows for patellar assessment
and can be a rough screening tool for prosthesis malalignment. When malalignment is suspected, an additional long-leg radiograph
needs to be performed to accurately assess prosthesis alignment.

A limitation of the current study was its retrospective character. All retrospective studies suffer from risk of selection bias. This
risk was minimized by conducting a lost to follow-up analysis, showing comparable demographics of both the included and ex-
cluded patients in our population. Another possible limitation might be the fact that the current study focused on coronal tibial

Table 6
Multivariate regression analysis with deformity correction for cTA as independent variable. All values are shown as unstandardized [3-values and their respective 95%
confidence intervals (95% CI). Categorial predictors (ASA classification) were coded using dummy variables, with the first category as reference value.

OKS (CFB) KSS-F (CFB) Al (CFB)
B (95% CI) P B (95% CI) p B (95% CI) p
cTA, Deformity correction® (°) NI 2.87 (1.26; 4.49) 0.00 —0.36 (—0.64; —0.10) 0.01
Patellar height (decrease) 10.69 (1.14; 20.24) 0.03 NS NI
Age (years) —0.14 (—0.26; —0.01) 0.04 —1.03 (—1.43; —0.64) 0.00 NS
BMI (kg/m?) NI —1.05 (—1.80; —0.30) 0.01 NI
ASA Classification (I-I1I)
Lvs Il NI NS NS
Lvs Il NI —21.38 (—33.06; —9.69) 0.00 NS

cTA = coronal tibial angle, sSTA = sagittal tibial angle, FFA = femoral flexion angle, OKS = Oxford Knee Score, KSS-F = Knee Society Score, Function score,
Al = Algofunctional index, CFB = change from baseline, NI = not included, NS = not significant.
@ Deformity correction = preoperative angle of deformity (°) - postoperative angle of malalignment (°).
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Table 7

Multivariate linear regression with exclusive varus knees (n = 223) and valgus knees (n = 34) respectively. All values are shown as unstandardized 3-values and their
respective 95% confidence intervals (95% CI). Categorial predictors (ASA classification) were coded using dummy variables, with the first category as reference value. All
values in bold are considered statistically significant (P <0.05).

OKS (CFB) KSS-F (CFB) Al (CFB)

Varus knees (n = 223) B (95% CI) p B (95% CI) p B (95% CI) p
Varus (cTA) correction® (°) 031 (—0.31; 0.93) 0.32 2.03 (0.16; 3.91) 0.03 —0.36 (—0.67; —0.06) 0.02
Age (years) —0.10 (—0.24; 0.04) 0.16 —1.07 (—1.55; — 0.59) 0.00 0.04 (—0.03; 0.12) 0.24
BMI (kg/m?) NI —1.06 (—1.98; —0.13) 0.03 NI
ASA Classification (I-1II)

Lvs Il NI —4.14 (—15.30; 7.02) 0.47 0.77 (—0.95; 2.50) 0.38
[vs Il NI —22.28 (—39.76; —4.80) 0.01 1.13 (—1.62; 3.88) 0.42
Valgus knees (n = 34)
Valgus (cTA) correction® (°) 0.01 (—1.99; 2.01) 0.99 —0.07 (—2.19; 2.05) 0.95 —0.05 (—0.96; 0.86) 091
Age (years) —0.16 (—0.59; 0.27) 0.45 —0.14 (—0.65; 0.36) 0.57 0.01 (—0.22; 0.23) 0.95
BMI (kg/m?) NI —0.28 (—1.19; 0.63) 0.53 NI
ASA Classification (I-III)
[vsIl NI —0.24 (—13.43; 12.95) 0.97 —1.05(—6.23; 4.13) 0.68
[vs Il NI —0.12 (—21.03; 20.80) 0.99 1.61 (—7.16; 10.37) 0.71

CTA = coronal tibial angle, BMI = Body Mass Index, OKS = Oxford Knee Score, KSS-F = Knee Society Score, Function score, Al = Algofunctional index,
CFB = change from baseline, NI = not included.
@ Varus/valgus correction = preoperative varus/valgus (°) - postoperative varus/valgus (°).

alignment and deformity correction rather than overall alignment (tibiofemoral angle; TFA). However, preoperative knee deformi-
ties are mostly due to arthritic changes at the tibial plate rather than the femoral bone [47]. If gap balancing is properly performed
during TKA, overall alignment (and therefore femoral component alignment) is expected to adhere to tibial measurements, as me-
chanical alignment is achieved mainly through proximal tibial bone resections.

In conclusion, we found coronal tibial plate alignment to be significantly associated with knee function 5 years after TKA, with a
positive effect of preoperative deformity correction and a negative effect of postoperative magnitude of malalignment. These results
are, however, not reflected in all 3 investigated PROMs. Decrease in patellar height was weakly associated with only the OKS. All other
component angles and measurements showed no significant association with knee function. Follow-up with short-leg radiography
after TKA is a sufficient screening tool for prosthesis malalignment and allows patellar height measurements. Long-leg radiography
needs to be performed when malalignment is suspected.
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