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Background: Anterior knee pain is an important complication after total knee arthroplasty
(TKA). One possible contributor is the elevation of the joint line, known as pseudo-patella
baja (PPB). Limited research has been conducted regarding this condition impacting TKA
management. This study aims to evaluate the incidence, identify possible related factors
and assess PPB clinical repercussions.
Methods: A total of 813 consecutive TKAs were retrospectively reviewed. Patients were
submitted to the same surgical procedure and information regarding TKA characteristics
was collected. Lateral postoperative knee radiographs were analyzed using the modified
Insall–Salvati Ratio and the Blackburne–Peel Index. A clinical evaluation was conducted
on 112 knees where the Oxford Knee and Kujala Scores were applied. Range of motion
was evaluated, and knee pain was assessed using the numeric pain rating scale, in addition
to analgesic consumption.
Results: A cohort of 612 knees was analyzed, of which 64 knees developed PPB (10.5% inci-
dence). Statistically significant differences were found for advance components sizes
(femoral P = 0.026 and tibial P < 0.001), polyethylene thickness (P < 0.001) and patients’
height (P = 0.022) with smaller implant sizes, greater insert thicknesses and lower height
showing an association with PPB. The PPB group had a significantly lower median Kujala
score (P = 0.011), higher frequency of flexion contracture and of anterior knee pain
(P = 0.039).
Conclusion: PPB has a clinical relevance that should not be overlooked. Its prevention
through the recreation of the natural position of the joint line and correct choice of implant
sizes and polyethylene thickness is of major importance and should always be considered.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

Ever since the first total knee arthroplasty (TKA) was performed in the early 1970 s, there has been a constant increase in
the frequency of this procedure. According to the latest annual report, there were 2.5 million TKAs performed in Europe
alone [1]. Despite being a cost-effective orthopedic surgery for patients who suffer from end-stage knee osteoarthritis,
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anterior knee pain may be an unwanted adverse effect caused by biomechanical changes in the joint [2] and it is reported to
occur in 26% of patients submitted to TKA without patellar resurfacing [3].

The source of this type of pain remains uncertain, although there has been a reference to patellar height as one of the
possible implied factors. Acquired patella baja (PB) is a globally recognized complication after this procedure, with a reported
incidence between 34% [4] and 37% [5]. PB is characterized by patellar tendon shortening and scarring during surgery leading
to a distal displacement of the patella and it has been described as one of the leading causes of anterior knee pain after TKA
[4–6]. Even though its causation is likely to be multifactorial, a factor that is associated with patellar tendon scarring is the
quantity of fat pad resection, because radical resection to increase the exposure of the patella during surgery may lead to
ischemia of the patellar tendon and secondary shrinking [7]. This pathology is also reported to be linked to the joint mechan-
ics’ alterations, extensor apparatus’ weakness, decreased range of motion (ROM), and reduced functional outcome following
TKA [8].

Conversely, a similar condition characterized by an abnormal relationship between the patella and the knee joint can
arise. In pseudo-patella baja (PPB), the distance between the patella and the femoral trochlea is decreased due to a raising
of the joint line instead of tendon shortening. Such elevation may be due to femoral over-resection, tibial undercut, or exces-
sive soft tissue release during TKA that demands a large polyethylene insert to stabilize the knee [9].

Few studies have been conducted regarding PPB following TKA and its clinical relevance [5,9–14]. Hence, the frequency
and outcomes of this postoperative condition are not fully understood. Our study aims to evaluate the incidence, identify
possible contributors, and assess the clinical repercussion of PPB in patients previously submitted to TKA.
2. Material and methods

This observational study was divided into two different phases. The first part entailed a retrospective analysis including
an evaluation and collection of information regarding general patient data, characteristics of the implants used during sur-
gery, and post-TKA radiographs; the second phase consisted of collecting anthropometric information from the patients, as
well as the application and analysis of functional scores and pain assessment after surgery. The knee was the overall unit of
analysis.
2.1. General patient characteristics – First phase

In this single-center study, we selected 813 consecutive primary TKAs at a tertiary hospital between January 2016 and
March 2019. Inclusion criteria were (1) age over 18 years, (2) patients whose indication for surgery was primary osteoarthri-
tis, and (3) patients with postoperative lateral radiographs at 30� flexion within 7 days after TKA.

Demographic data were collected regarding age and sex, besides TKA laterality and TKA implant components
characteristics.
2.2. Surgery procedure – First phase

All patients were submitted to a standard TKA protocol. With the patients in dorsal decubitus and under locoregional
anesthesia, a medial parapatellar approach was used. A standard system of intramedullary guides and anterior referencing
was used. All patients received an anterior, stabilized implant with a fixed tibial tray and the patella was not resurfaced in
any patient. An anterior referencing was used to size the femoral component. The implants used were either Advance� Knee
System (Wright Medical, USA) or Vanguard� Anterior Stabilized Knee (Biomet, USA).

The surgical intervention was followed by a 48-h course of intravenous antibiotics and deep vein thrombosis prophylaxis
for a period of 4 weeks. All patients, when medically fit, were discharged to their own homes.
2.3. Radiological evaluation – First phase

All patients included had postoperative knee profile radiographs at 30� of flexion performed at our institution with a stan-
dardized radiological protocol, increasing reproducibility. The radiological evaluation was blindly performed by one
researcher and included two widely used ratios: (1) modified Insall–Salvati Ratio (mISR) and (2) Blackburne–Peel Index
(BPI).

In the mISR ‘‘the distance between the inferior articular surface of the patella and the patellar tendon insertion is divided
by the length of the articular surface” (Figure 1(A)) [15]. The usage of this ratio allowed us to detect and exclude PB
(mISR < 1.2) and patella alta (mISR � 2.0).

Because mISR is unable to identify PPB because the joint line’s position is not considered, the BPI was evaluated in
patients with normal patellar height. By dividing the distance between the inferior border of the articular surface of the
patella and the tibiofemoral joint line by the length of the articular surface [16], we were able to identify and stratify
patients’ knees into two groups: PPB group (defined as BPI < 0.54) and non-PPB group (BPI � 0.54) (Figure 1(B)). The joint
line was defined as a line parallel to the tibial plateau and tangent to the femoral component.
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Figure 1. (A) The modified Insall–Salvati Ratio is calculated as a/b. (B) The Blackburne–Peel Index is calculated as a/b.
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2.4. Clinical assessment – Second phase

Given the current COVID-19 pandemic, clinical evaluation was carried out via a telephone call. We contacted all patients
with PPB, and an equivalent group of non-PPB knees was also evaluated. We performed a sample size calculation to estimate
the number of patients’ knees required to obtain a clinically relevant difference regarding the functional evaluation. The
sample size calculation was powered towards the Kujala score, considering a minimal clinically relevant difference of 9.5
as reported by Negahban et al. [17]. For such purpose and to have a similar and comparable number of knees in the non-
PPB group, we used a computer to generate a random allocation list of numbers and shuffle patients’ IDs based on this ran-
dom sequence and consecutively contacted these patients with no constraints.

The functional evaluation included the Oxford Knee Score [18] and the Kujala Score [19], joint-specific questionnaires
where lower scores are related to worse knee function and knee pain. ROMwas also evaluated, with patients reporting either
full knee extension or extension contracture and at least 90� of knee flexion or flexion contracture.

Anterior knee pain was assessed using the Numeric Pain Rating Scale (NPRS), varying from 0 to 10 [20] and the need for
analgesics was also evaluated. The NPRS was further stratified into ‘no pain’ (0), ‘mild pain’ (1–4), ‘moderate pain’ (5–7), and
‘severe pain’ (8–10).

Informed consent was obtained from all participants.
2.5. Statistical analysis

Baseline clinical, demographic, and prosthesis characteristics were compared between patients with and without PPB
using Pearson’s Chi-squared test, Fisher’s exact test and Wilcoxon rank-sum test, as appropriate. The level of significance
for all hypothesis tests (P-value) was set at 0.05. The normality of the distribution of continuous variables was evaluated
by visually inspecting the quantile–quantile (QQ) plots. Continuous variables are presented as median and 25–75% quartiles
(interquartile range (IQR)). Categorical variables are presented as absolute (n) and relative (%) frequencies. Statistical analysis
was performed with R (R Core Team 2017. R: A language and environment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. URL: https//www.R-project.org).
2.6. Ethics

Approval from the local Ethics Committee was obtained.
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3. Results

From the 813 TKA procedures performed during this time interval, we included 612 knees for analysis in our study, as
described in the flow diagram (Figure 2); 294 (48%) were left knees while 318 (52%) were right knees.

In the first phase of the study, there were 573 patients, given that 39 patients had surgery on both knees during this time
interval. Regarding the age and sex of the patients, 427 (75%) were women while 146 (25%) were men, and the median age at
the time of the study was 71 years (IQR 65, 77).

The radiological evaluation was performed in every patient, with 63 of these presenting PPB criteria following TKA. Of the
PPB group, 10 patients were men (16%) while 53 were women (84%), with a median age of 72 years (IQR 66, 72). Because one
patient from the PPB group was submitted to bilateral surgery, a total of 64 knees was included in this group. This resulted in
a 10.5% incidence of PPB in patients who underwent TKA. However, no significant differences were found regarding age and
sex of patients with or without PPB (P = 0.9 and P = 0.13, respectively).

Statistically significant differences in the type of implant chosen, the size of the two components of the Advance Knee
System implant, and the use of different polyethylene thickness were found and are reported in Table 1. However, no sig-
nificant association between PPB and the size of the Vanguard implant was found.

For the second phase of this study, the clinical evaluation, and in order to detect a clinically relevant difference between
knees with and without PPB, established at 9.5 points [17], we performed a power sample calculation. At least 104 patients’
knees (52 for each group) provide 80% power, at a 0.05 alfa level, to detect a 9.5 change difference between knees with and
without PPB. Therefore, we managed to established contact with 55 patients with PPB, representing 56 knees analyzed. In
addition, through the randomization process previously explained, we consecutively contacted non-PPB patients until 56
knees were also assessed in this group. Therefore, 47 patients were recruited, making a total of 112 knees analyzed in this
phase.

As for anthropometric parameters, the median height of patients with PPB was 157 cm (IQR 153, 160) vs. 160 cm (IQR
155, 165) from the non-PPB group, reaching statistically significant differences (P = 0.022). However, no differences were
found in weight (with a median of 75 kg in the PPB group vs. 76 kg in the non-PPB group, P = 0.2) or body mass index (median
of 31.1 kg/m2 vs. 29.9 kg/m2, P = 0.7).

Regarding the postoperative ROM, although no relation was found between extension deficit and PPB (5% vs. 7%, P > 0.9), a
significant association was determined between PPB and flexion contracture, as 25% of patients with PPB reported this lim-
itation in comparison with 7% of the non-PPB group (P = 0.041).

The median Kujala Score was 59 and 70 for the PPB and non-PPB subgroups (P = 0.011), respectively. Nonetheless, the
Oxford Knee Score was similar in both groups, despite being lower in the PPB group. A statistically significant difference
was found regarding pain perceived by the patients as reported by the NPRS (P = 0.039), but the use of analgesics was
not found to be significantly relevant (P = 0.14), with the complete results depicted in Table 2.
Figure 2. Flow diagram of included knees.
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Table 1
Total knee arthroplasty characteristics in patients from pseudo-patella baja (PPB) group and non-PPB group.

Characteristic Overall, n = 612 a PPB, n = 64 a Non-PPB, n = 548 a P b

Prosthesis 0.038
Advance 520 (85%) 60 (94%) 460 (84%)
Vanguard 92 (15%) 4 (6.2%) 88 (16%)
Polyethylene thickness (mm) <0.001
10 435 (71%) 34 (53%) 401 (73%)
12 127 (21%) 21 (33%) 106 (19%)
14 38 (6.2%) 3 (4.7%) 35 (6.4%)
16 1 (0.2%) 0 (0%) 1 (0.2%)
17 11 (1.8%) 6 (9.4%) 5 (0.9%)
Advance femoral component (mm) 0.026
52 58 (11%) 14 (23%) 44 (9.6%)
57 281 (54%) 30 (50%) 251 (55%)
62 136 (26%) 14 (23%) 122 (27%)
66 45 (8.7%) 2 (3.3%) 43 (9.3%)
Advance tibial component (mm) <0.001
60 18 (3.5%) 8 (13%) 10 (2.2%)
65 187 (36%) 21 (35%) 166 (36%)
70 212 (41%) 26 (43%) 186 (40%)
75 87 (17%) 3 (5.0%) 84 (18%)
80 16 (3.1%) 2 (3.3%) 14 (3.0%)
Vanguard femoral component (mm) 0.5
55 11 (12%) 0 (0%) 11 (12%)
57.5 11 (12%) 2 (50%) 9 (10%)
60 21 (23%) 0 (0%) 21 (24%)
62.5 19 (21%) 1 (25%) 18 (20%)
65 18 (20%) 1 (25%) 17 (19%)
67.5 4 (4.3%) 0 (0%) 4 (4.5%)
70 4 (4.3%) 0 (0%) 4 (4.5%)
75 4 (4.3%) 0 (0%) 4 (4.5%)
Vanguard tibial component (mm) 0.9
63 11 (12%) 11 (12%) 0 (0%)
65 2 (2.2%) 2 (2.3%) 0 (0%)
67 30 (33%) 27 (31%) 3 (75%)
68 1 (1.1%) 1 (1.1%) 0 (0%)
70 2 (2.2%) 2 (2.3%) 0 (0%)
71 26 (28%) 25 (28%) 1 (25%)
72 1 (1.1%) 1 (1.1%) 0 (0%)
75 9 (9.8%) 9 (10%) 0 (0%)
79 7 (7.6%) 7 (8.0%) 0 (0%)
83 3 (3.3%) 3 (3.4%) 0 (0%)

a Statistics presented: n (%).
b Statistical tests performed: Pearson’s Chi-squared test; Fisher’s Exact Test for Count Data with simulated P-value (based on 2000 replicates); Wilcoxon

rank-sum test; Fisher’s exact test.

Table 2
Comparison between pseudo-patella baja (PPB) group and non-PPB group regarding clinical evaluation results.

Characteristic Overall, n = 112 a PPB, n = 56 a Non-PPB, n = 56 a P b

Kujala Score 67 (52, 79) 59 (46, 74) 70 (61, 81) 0.011
Oxford Knee Score 34 (25, 40) 32 (20, 39) 35 (28, 40) 0.073
Numeric Pain Rating Scale 0.039
No pain 15 (13%) 6 (11%) 9 (16%)
Mild pain 45 (40%) 17 (30%) 28 (50%)
Moderate pain 36 (32%) 21 (38%) 15 (27%)
Severe pain 16 (14%) 12 (21%) 4 (7.1%)
Use of analgesics 0.14
None 56 (50%) 25 (45%) 31 (55%)
Sporadic 25 (22%) 15 (27%) 10 (18%)
Weekly 15 (13%) 5 (8.9%) 10 (18%)
Daily 16 (14%) 11 (20%) 5 (8.9%)

a Statistics presented: n (%); median (interquartile range).
b Statistical tests performed: Pearson’s Chi-squared test; Fisher’s Exact Test for Count Data with simulated P-value (based on 2000 replicates); Wilcoxon

rank-sum test; Fisher’s exact test.
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4. Discussion

In our study, the PPB incidence (10.5%) in the 612 consecutive TKAs is comparable with the PPB incidence in other studies,
ranging from 9% to 26.7% [10–12,21]. However, these numbers relate to samples from 60 to 354 knees, much lower than the
628 in the present study. Furthermore, unlike most studies, we decided to use the mISR that considers the length of the
patella joint expanse instead of the maximum diagonal length of the patella as in the original Insall–Salvati Ratio [22] which
is more likely to be influenced by the shape of the patella. The mISR index does not consider the length of the inferior pole,
and its use reduces the rate of false-positive cases [21]. Besides, its denominator is the same measure used in the BPI, which
may minimize further evaluation errors. The combination of the two indices was fundamental, and the choice of the BPI as a
PPB identifier was made since this index is reported to be the most reproducible and consistent measurement for these cases,
besides having a good interobserver agreement [23].

One of the strengths of our study was that, to the best of our knowledge, it was the first to investigate the relationship
between PPB and implant sizes. Indeed, several reports in the literature mention that PPB is dependent of the thickness of the
polyethylene insert used [9,11,14], and our study agrees with this finding, having reported an association for greater thick-
nesses of polyethylene inserts and PPB. However, no other study has evaluated the sizes of the femoral and tibial compo-
nents. The results we have reached in this matter demonstrate that, for our population, there is an association between
choosing smaller femoral Advance components and the development of PPB. Regarding the tibial component, the differences
we report may be a consequence of the femoral size choice since, for a given femoral component, one can only choose
between the size above and the size below of the tibial implant. Besides, the statistically significant differences found con-
cerning patients’ height may be linked with the choice of the size of the components. Shorter people may lead, per se, to the
choice of smaller prostheses. Thus, future investigations should be performed in order to establish the predominant role of
each of these variables and to understand whether patient height is an independent risk factor for PPB developing.

We also found an association between PPB and the type of prosthesis used, but no statistically significant differences were
reported between the various sizes of Biomet’s Vanguard implants. However, such findings should be interpreted with cau-
tion, given the lower frequency of TKAs where this type of implant was used, accounting for only 15% of the whole 612
procedures.

In terms of functional scores, other reports in the literature have detected a non-statistically significant decrease in func-
tional outcomes assessed associated with PPB [10–13]. The current study further supports the burden of evidence, showing a
decrease in the Oxford Knee Score results, although not statistically significant (P = 0.073). This score is explicitly intended for
use with TKA alone, being simpler and quicker to process in comparison with scores used by other authors such as the Knee
System Score and the Western Ontario and McMaster Universities Arthritis Index (WOMAC). Besides, a cross-cultural adap-
tation and validation of the Portuguese version of the Oxford Knee Score was used to assess this outcome in our population
correctly [24].

Another advantage of this study was using the Kujala Score since it is considered a reliable and valid instrument for mea-
suring anterior knee pain after TKA [25]. Metsna et al. [26] established a score of 74.6 in its pain-free group as a standard
value in a symptomless population after TKA, since a replaced knee cannot be expected to function in the same way as
an original undamaged joint. Knees with anterior knee pain originating from the patellofemoral joint after this procedure
were associated with a Kujala score of 61% of the standard value. The current study agrees with these results, showing that
PPB knees are more likely to have anterior knee pain than non-PPB knees. Despite the statistical significance, the difference
in this score between the two groups was 11 points, slightly higher than the minimal clinically important difference estab-
lished at 9.5 points [17]. The Kujala Score proved to be a very useful questionnaire for evaluating this outcome after TKA and
should be used widely as its measurement. Likewise, we used a valid translation of the questionary to ensure the mainte-
nance of the content validity of the original version [27]. Thus, the fact that PPB negatively influences the Kujala Score with-
out significant differences in the Oxford Knee Score may indicate that this condition appears to be associated with more
anterior knee pain rather than general functional limitation.

In addition to these findings and coinciding with the previous association, our study also found a correlation between the
NPRS and PPB, where PPB knees are associated with more intensity in pain than non-PPB knees. This association is also mir-
rored in the use of analgesics. Although no statistically significant differences were found in their use frequency, we found a
higher percentage of cases that required daily use of analgesia (20% in the PPB group vs. 8.9% in the non-PPB group). How-
ever, we present a small number of clinically assessed knees, making it difficult to evaluate this outcome correctly. Further
studies should be performed in order to understand better if PPB is associated with more analgesic consumption and
decrease in quality of life than non-PPB knees after TKA in the long term.

To prevent PPB after TKA, intra-operative awareness of patellar tracking, including the reconstitution of the natural joint
line, is of major importance, in addition to a consistent early and prolonged rehabilitation with appropriate analgesia [11].
Thus, careful planning in the femoral cut is recommended to avoid unnecessary usage of smaller implant sizes and higher
thickness of polyethylene, especially in shorter people, with consequent elevation of the joint line, and to maintain ideal
patellofemoral biomechanics.

The present study has some limitations. Firstly, the small number of patients clinically evaluated may limit the interpre-
tation of the results obtained in the second phase, even though we believe it is a valid sample for comparison. Secondly, due
to the COVID-19 pandemic, the fact that we evaluated these patients via a telephone call rather than in person may also
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influence our findings. However, nowadays, both teleconsultation and the application of scores over the phone are widely
used and allow us to have real feedback on the patient’s status. Thirdly, the fact that this was a retrospective study is in itself
a limitation. Because preoperative flexion contracture is a common reason for elevating the joint line as it frequently needs
additional distal femur resection to get the knee into full extension, its analysis would be very important. Therefore, future
studies should address this preoperative condition, as well as other possible comorbidities. Finally, the radiological evalua-
tion has some inherent limitations. Although all radiographs were performed using a standardized protocol, measurement
errors by differences in the rotational position are intrinsic, and the exact reference landmarks can also be difficult to deter-
mine after TKA. Adding to this, only one observer, who was not involved in the surgeries, performed the measurements.
However, we strongly agree with the fact that such a design option does not affect the validity of our results as this is
the situation we encounter in our daily routine and it gives us a realistic view of the measurement we experience in clinical
practice. Finally, another limitation is the retrospective nature of the study.

Future investigations should address an in-depth study of the joint line’s elevation between pre- and postoperative peri-
ods, as this elevation appears to underlie the symptomatology. Furthermore, prospective studies where scores can be eval-
uated before and after the procedure and concomitant comorbidities in order to have a more reliable evaluation should also
be considered.
5. Conclusion

Despite its incidence, PPB is a clinically relevant condition because it is associated with increased anterior knee pain,
decreased ROM and functional scores, and possibly increased analgesic consumption. Thus, we believe that the recreation
of the natural position of the joint line and the correct choice of implant sizes and polyethylene thickness during TKA are
of major importance and should always be considered when performing this procedure.
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