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Abstract

Purpose Pseudo-patella baja (PPB) is a surgical compli-
cation that can arise from total knee arthroplasty and occurs
when the patella tendon is not shortened but the level of
the femorotibial joint line is elevated. The goal of this study
was to assess the performance of a technique specifically
designed to prevent the occurrence of PPB and its radio-
logical results.

Methods Ninety-nine patients undergoing total knee
arthroplasty were included. Patients were divided into a
non-correction group and a correction group. The correc-
tion group were applied an additional metal block in order
to reduce the excess resection of the distal femur. To evalu-
ate PPB, the change in the pre- and postoperative joint line
was measured using the modified Blackburne—Peel Index
(BPI).

Results In the non-correction group, 68 of 74 cases
showed an occurrence of PPB (92 %), in the correction
group, 6 of 57 cases showed an occurrence of PPB (11 %).
The preoperative-modified BPI of the non-correction
group was not significantly different from that of the cor-
rection group (0.6 = 0.1 vs. 0.6 = 0.2). The modified BPI
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decreased significantly in the non-correction group after
TKA (0.6 & 0.1 vs. 0.2 &+ 0.1, p < 0.05). However, the
modified BPI did not change significantly in the correction
group after TKA (0.6 = 0.2 vs. 0.6 £ 0.2).

Conclusion The comparison of preoperative and postop-
erative radiological results showed that our intervention
maintained the joint line without elevation. We proposed
an effective method to prevent various complications due to
the joint line elevation that occur in PPB.

Level of evidence 1I1.

Keywords Patella - Total knee arthroplasty -
Complication

Introduction

Restoration of joint line level is a common goal of total knee
arthroplasty, and management of the joint line level is critical
when restoring ligamentous balance and normal knee kine-
matics [1]. Positional changes such as movement of the fem-
orotibial joint line toward the patella can occur on total knee
arthroplasty. Such a change in the patella due to joint line
elevation is known as pseudo-patella baja (PPB). PPB occurs
when the femorotibial joint line rises without a change in
the length of the patellar tendon, often as a result of the use
of a thick polyethylene insert during excess distal femoral
bone resection and excess soft tissue release. The incidence
of PPB after total knee arthroplasty has been reported as
21-47 % in previous studies [14]. As PPB is associated with
joint line elevation and results in decreased range of motion,
anterior knee pain, and patellar component impingement
on the tibia or the polyethylene, it is critical to maintain a
normal joint line level during total knee arthroplasty. Few
studies have investigated the role of the joint line in the final
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outcome of total knee arthroplasty, and most of these have
concentrated on the revision situation. There are no studies
that have evaluated the restoration of the joint line during
primary total knee arthroplasty. Restoration of the joint line
is determined by the accuracy of the operative technique,
the instruments used, and the prosthesis design. As current
operative techniques have a tendency to elevate the joint line,
some reports have suggested that alterations should be made
to allow exact joint reconstruction in the preoperative setting.
The height of joint line is determined by the level of distal
femoral resection during total knee arthroplasty, and PPB
occurs when excess distal femoral bone is resected [14]. To
prevent PPB, new surgical technique needs to be developed.
It was hypothesized that the incidence of the PPB may be
reduced by reducing distal femoral bone excess resection. To
reduce distal femoral bone resection, the correction group
were applied an additional metal block between the distal
femoral block and distal femur part. Furthermore, the pre-
ventive effect of this technique on PPB was evaluated. The
present study was designed to evaluate the preventive effect
of PPB using new correction technique with additional metal
block on total knee arthroplasty, and assessed the joint line
elevation in radiological results.

Materials and methods

This study included 131 cases in 99 patients treated with
total knee arthroplasty from 2011 to 2012. Patients were
divided into a non-correction group and a correction group.
Data were collected prospectively. The study complied
with the Declaration of Helsinki and was approved by the
Institutional Review Board of the Samsung medical center.
The IRB number is 2012-09-093-001.

Written consent was obtained from all patients. Seventy-
four cases in 53 patients were included in non-correction
group, without the application of additional metal block
between the distal femoral block and distal femur part (the
joint line elevation was not corrected). Fifty-seven cases in
46 patients were included in the correction group, with the
application of additional metal block between distal femoral
block and distal femur part to reduce the distal femoral bone
resection (the joint line elevation was corrected). Low patella
height at preoperative evaluation or excessive collateral liga-
ment laxity can cause joint line elevation after total knee
arthroplasty and further lower the position of the patella. We
selected the correction group based on the following criteria.
The mean length of the articular surface of the patella of our
patients was 33.3 mm =+ 3.2. The perpendicular height from
the plateau line of the tibia to the lower end of the patel-
lar articular surface within 15 mm (33.3 mm x 0.5, lower
normal range of modified BPI) was regarded as low patella
height selected for correction. Laxity of lateral collateral
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ligament leads to an increased gap during bone cutting. It
has been previously reported that the difference in length of
collateral ligament never exceeds 2-3 mm during strained
and relaxed positions [6]. Accordingly, excessive collat-
eral ligament laxity was defined as the length of collateral
ligament of >4 mm on valgus and varus stress positions of
knee joint stress radiograph; this group was also selected
for correction. Cases other than the above two criteria were
included in the non-correction group. All patients underwent
total knee arthroplasty using an extramedullary minimal
invasive surgical technique [24], and the same type of pros-
thesis (Lospa Knee® System, Corentec, Korea) was fitted.
The correction method used to reduce distal femoral bone
resection involved additional application of a 4-mm-thick
metal block at the distal femoral block (Fig. 1). In order to
measure the changes of relationship between patellar height
and joint line, radiograph imaging of the lateral view of the
knee joint in full extension while weight bearing was taken
before and after surgery. To minimize bias during imaging,
a neutral position by maintaining the same foot location was
measured. The PACS system (Centricity Enterprise Web ver-
sion 3.0, GE Medical Systems, Milwaukee, WI, USA) was
used for all radiologic viewing of preoperative and postop-
erative images in the lateral view, on two separate monitors.
Measurements were recorded up to one decimal point. The
modified Blackburne—Peel Index (BPI) was used to evaluate
changes in relationship between the patellar height and joint
line. Modified BPI was measured on knee joint extension
because this allowed for better gross views of the relation-
ship between the joint line and the alta and baja positions of
the patella (Fig. 2). A significant correlation was observed
between the BPI at 30° of flexion and full extension when
comparing the two groups using Pearson’s correlation coef-
ficient (r = 0.86, p < 0.05) (Fig. 3). The normal range using
the classic BPI is 0.5-1.1 [4], whereas the normal modified
BPI range is 0.5-0.9 with reference to the classic index. The
perpendicular height from the plateau line of the tibia to the
lower end of the patellar articular surface, divided by the
length of the articular surface of patella [4], each of which
were measured from the lateral X-ray view, was quantified
using the modified BPI to reflect a change in relationship
between the patellar height and the joint line. To minimize
the inter-observer variation, two blind observers measured
the BPI in the radiograph.

Statistical analysis

The primary end point of this study was the evaluation of
the preventive effect of PPB incidence following total knee
arthroplasty. The incidence of PPB after total knee arthro-
plasty has been reported as 33.4 £ 11.9 % in different stud-
ies [14]. It was hypothesized that the incidence PPB would
be 23.4 + 11.9 % in patients selected to a correction group
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Fig. 1 a Correction group were
applied an additional metal
block (figure arrow) between
the femoral block and distal
femur part. b Comparison of the
distal femoral resection level
between the non-correction and
correction group. Correction
group applied the additional
4-mm-thick metal block (figure
arrow) to make further distal the
joint line and reduce the excess
resection of distal femur (figure,
red bone part)

Fig. 2 a Thirty degree flexion
BPI, b Modified BPI (extension
BPI). BPI is defined A to B ratio
(A length divided by B length).
A The perpendicular height
from the plateau line of the tibia
to the lower end of the patellar
articular surface; B the length
of the articular surface of patella

with metal block. Therefore, at least 28 patients in each group
would be required to provide a power of 80 % to detect sta-
tistical differences between groups with a 2-sided o level of
0.05. The paired ¢ test was used to compare preoperative- and
postoperative-modified BPI to assess the differences in the
incidence of PPB. All statistical analyses were performed
with SPSS version 12.0 (SPSS Inc, Chicago, IL, USA).

Results

Seventy-four cases in 53 patients were included in the
joint line elevation non-correction group, and 57 cases in

Non-correction

Correction

Metal block

46 patients were included in the joint line elevation correc-
tion group. The non-correction group included 6 males and
68 females with an average age of 71.7 £ 6.4 years. The
correction group included 4 males and 53 females with
an average age of 71.2 £ 6.9 years. No significant differ-
ences in age, sex, or preoperative diagnosis were observed
between the two groups (Table 1). An analysis of both
groups was conducted preoperatively and postoperatively
based on the normal range (0.45-0.89) of the modified
BPI. For the preoperative measured values in the non-cor-
rection group, 3 of 74 cases had values above the normal
range, 66 of 74 cases were within the normal range, and
5 of 74 cases had values below the normal range. For the
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Fig. 3 Correlation between 30° flexion BPI and modified BPI (exten-
sion BPI). Pearson’s correlation coefficient (r = 0.86, p < 0.05)

postoperative measured values in the non-correction group,
no cases had values over the normal range, 6 of 74 had val-
ues within the normal range, and 68 of 74 cases had val-
ues below the normal range. For the preoperative measured
values in the correction group, 1 of 57 cases had values
above the normal range, 45 of 57 cases had values within
the normal range, and 11 of 57 cases had values below the
normal range. For the postoperative measured values in
the correction group, 1 of 57 cases had values above the
normal range, 50 of 57 cases had values within the normal
range, and 6 of 57 cases had values below the normal range
(Table 2). In the non-correction group, 68 of 74 cases had
occurrence of PPB (92 %), in the correction group, 6 of 57
cases had occurrence of PPB (11 %) (Table 3). The modi-
fied BPI results showed no significant difference in preop-
erative indices between the non-correction and correction
groups (0.6 £ 0.1 vs. 0.6 = 0.2). However, a comparison
of the postoperative indices revealed significant differences

between the non-correction and correction groups
(0.2 £ 0.1 vs. 0.6 = 0.2, p < 0.05) (Table 4). Moreover,
modified BPI tended to be reduced in postoperative joint
line elevation. A significant decrease from preoperative- to
postoperative-modified BPI was observed in the non-cor-
rection group (0.6 = 0.1 vs. 0.2 + 0.1, p < 0.05), but no
significant difference was observed in the correction group
(0.6 £ 0.2 vs. 0.6 £ 0.2) (Fig. 4).

Discussion

In this study, it was demonstrated that the application of
an additional metal block between the distal femoral block
and distal femur part reduced the occurrence of PPB. The
postoperative-modified BPI in the correction group did not
change significantly, indicating preservation of the joint
line.

Joint line level is usually measured by the distance from
one of the anatomical landmarks. Tacono et al. [12] reported
that the adductor tubercle can be used as a morphologic
landmark to determine the knee joint line position, and Bel-
lemans [3] explained that the normal joint line lies approxi-
mately 25 mm distal to the medial femoral epicondyle and
10 mm proximal to the fibular head. However, these meth-
ods lack an explanation for the relationship between the
patella height and joint line of knee. In this study, therefore,
modified BPI method was used to examine the relationship
between the patella height and joint line of knee.

BPI is universally measured from lateral radiographs
with the knee in a standardized flexed position. However,
a good correlation exists between preoperative and postop-
erative BPI measured without holding the knee in a stand-
ardized flexed position [25]. Therefore, in this study, we

Table 1 Demographic factors

Non-correction group Correction group p value

(n="174) (n=>57)
Age (years) 71.7+6.4 712 +6.9 n.s
Female (n) 68 53 n.s
Male (n) 6 4 n.s
Diagnosis (osteoarthritis) (1) 74 57 n.s
Bilateral TKA (n) 21 11 n.s
Unilateral TKA (n) 32 35 n.s

Table 2 Preoperative and

: . Modified BPI
postoperative comparison of

Non-correction group (n = 74)

Correction group (n = 57)

groups according to the normal Pre-op. Post-op. Pre-op. Post-op.
range of the modified BPI
Above normal (n) 3 1 1
Normal (n) 66 6 45 50
Below normal (1) 5 68 11 6
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Table 3 Incidence of PPB in the non-correction group and the cor-
rection group

Non-correction group Correction group

PPB incidence (%) 92 11

Table 4 Preoperative and postoperative mean measured values of the
modified BPI

Non-correction Correction p value
group group
Pre-op-modified BPI 0.6 £0.1 0.6 £0.2 n.s
Post-op-modified BPI 0.2 £ 0.1 0.6 +0.2 <0.05

replaced the classic BPI, in which the knee joint is held in
a 30° flexed position, with a modified BPI, which utilizes a
fully extended knee position to evaluate joint line elevation.
When evaluated using a normal range of the modified BPI,
the results revealed a 92 % incidence of PPB in the non-
correction group and an 11 % incidence in the correction
group. Thus, the use of this technique to correct joint line
elevation during total knee arthroplasty reduced the preva-
lence of PPB.

It was reported that about 11 % of patients occurred the
anterior knee pain after routine patella replacement with
total knee arthroplasty [17]. Joint line elevation after total
knee arthroplasty can lead to a decreased range of motion,
and restoration of the proper joint line is a major factor
for successful total knee arthroplasty [9, 11, 15, 18, 23].
Badazadeh et al. [2] reported that joint line elevation occurs
not only in cases of revision total knee arthroplasty but
also in primary total knee arthroplasty and that the position
of the articular surface is associated with knee joint func-
tion. Kazemi et al. [14] explained that PPB often occurs
after total knee arthroplasty and is related to decreased
range of motion and increased knee pain. Figgie et al. [9]

1.25 9
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Pre-op. Post-op.

Non-correction group

concluded that patella baja induced by joint line elevation
after total knee arthroplasty is associated with knee pain
and a decrease in knee function. Similarly, Chonko et al.
[5] reported that patella baja caused by joint line elevation
after total knee arthroplasty is likely to result in anterior
knee pain, decreased range of motion, and patella compo-
nent impingement on the tibia or the polyethylene. In addi-
tion, Goldberg et al. [10] stated that changes in the joint
line after total knee arthroplasty can cause serious prob-
lems. Martin and Whiteside [16] explained that when the
postoperative joint line is well preserved relative to the pre-
operative condition, stability is preserved. Estupinan et al.
[8] claimed that a shift in the joint line itself induces wear
of the polyethylene, and Rand [20] suggested that greater
proximal joint line shifts correspond to more distal patella
movement, compared to the preoperative position. Our
study also reported that the more the joint line elevated, the
more distal the patella shifted, resulting in a reduction in
the modified BPL.

Because PPB negatively impacts the postoperative func-
tion of the knee joint, an efficient method to prevent joint
line elevation is necessary. We implemented an additional
application of a metal block at the distal femoral block
via preoperative evaluation to prevent PPB and developed
a technique to minimize distal femoral bone resection.
Kawamura et al. [13] reported an average postoperative
joint line elevation of 3.5 mm; Sabbioni et al. [21] reported
an average postoperative elevation of 4 mm; Scuderi and
Insall [22] reported an average postoperative elevation of
5.6 mm. The results of these studies aided in the formula-
tion of a correction plan for joint line elevation. A metal
block thicker than 4 mm at the distal femoral block could
lead to inappropriate resection of the distal femur, hence
a thickness of 4 mm was chosen. We found that the addi-
tional application of a metal block at the distal femoral
block helped maintain the joint line postoperatively.

Joint line elevation indicates distal shift of the patella,
increasing not only the pressure on the patella when

1.25 b ns

0.75 9

0.50

Modified BPI

0.25 9

-
1

0.00

Pre-op. Post-op.

Correction group

Fig. 4 a Modified BPI was significantly decreased in the non-correction group (0.6 £ 0.1 vs. 0.2 £ 0.1, p < 0.05). b Modified BPI did not sig-
nificantly change in the correction group after TKA (0.6 £ 0.2 vs. 0.6 = 0.2, n.s)
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flexed, but also tension on the soft tissue [10, 20]. Parting-
ton et al. [18] reported that joint line elevation of >8 mm
yields inferior clinical results, and Porteous et al. [19]
found that joint line elevation of >5 mm worsened clinical
outcomes. Emodi et al. [7] suggested that even mild joint
line elevation of <2 mm alters the transmission of myo-
genic strength in the quadriceps and increased patella-
femoral pressure forces. Restoration of the proper joint
line is critical to prevent PPB due to joint line elevation,
which plays an important role in successful total knee
arthroplasty.

Several limitations of the present study should be noted.
This study was not a double-blind study, and only a small
number of patients were enrolled. The possibility of selec-
tion bias must be considered when interpreting our find-
ings. This study simply demonstrated the radiologic prop-
erties of new correction technique, without clinical data.
There needs to be further investigation on clinical outcome
of this new surgical technique. Knee score such as Knee
society score and Western Ontario and McMaster Univer-
sities Arthritis Index will be evaluated for a comparison
between correction and non-correction groups.

Conclusions

PPB is often overlooked, but there exists a common com-
plication of joint line elevation in total knee arthroplasty. In
this study, adding a metal block at the distal femoral block
was implemented to minimize distal femoral bone resec-
tion via preoperative planning. The comparison of preop-
erative and postoperative radiological results showed that
our intervention maintained the joint line without elevation.
In conclusion, adding a metal block at the distal femoral
block is a useful method for preventing PPB. To confirm
the effect of this correction method, replication studies with
larger populations are needed.
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