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Review Article

Patella Baja in Total Knee
Arthroplasty

Abstract

Patella baja in total knee arthroplasty can result in impingement, pain,
and decreased range of motion. Etiology can range from previous
knee surgeries such as anterior cruciate ligament reconstruction,
retrograde femoral nail, infrapatellar fat pad resection, and previous
total knee arthroplasty. Diagnosis can be confirmed by one of a
number of measurements of patellar height including Insall-Salvati
and Blackburne-Peel ratios. It is important to differentiate between
true patella baja and pseudopatella baja by patellar height ratio.
Treatmentincludes correct identification of the underlying etiology and
appropriate management. Surgical management strategies include
tibial tubercle osteotomy, distal femoral augment and revision,
proximalization of the patellar component, modification of the anterior
tibial component, and/or Z-plasty of the patellartendon. We review the

outcomes for each of these procedures.

atella is derived from the Greek

word “patané” which means “a
plate” and subsequently Latin for
“patina” or “shallow dish.” Baja is
Spanish for “low.” Previously, patella
baja was called patella infera, where
infera was Latin for “below.”

Classically, patella baja was defined
as the space between the inferior pole
of the patella and the upper tibia being
less than 1 to 2 cm.! Broader terms
suggest patella baja to be an abnor-
mally low-lying patella which is
associated with restricted range of
motion, crepitations, and retropatellar
pain.2 A more comprehensive defini-
tion characterizes patella baja through
position in the femoral trochlea with a
decreased distance between the infe-
rior pole of the patella and the
articular surface of the tibia with or
without permanent shortening of the
patellar tendon.?

The primary biomechanical func-
tion of the patella is to improve
quadriceps efficiency by increasing the
lever arm of the extensor mechanism.

The extensor mechanism consists of
the quadriceps muscle group and ten-
don, the patella, the patellar ligament,
the tibial tubercle, and the patella ret-
inaculum. The force necessary for
knee extension is directly dependent
on the perpendicular distance between
the patellar tendon and the knee flex-
ion axis.* In addition, from 45° of
flexion to full extension, the patella is
the only component of the extensor
mechanism in contact with the femur
causing the extensor mechanism to be
displaced away from the axis of the
knee, increasing the effective moment
arm of the quadriceps tendon, creating
a mechanical advantage analogous to
that of a pulley.*

In patella baja, the patella is always
in contact with the trochlea in
extension, in contrast to a normal
patella. This can cause impingement
leading to anterior knee pain and
joint stiffness. In addition, the patella
baja results in a decreased lever arm
and subsequent extensor lag resulting
in a reduction in range of motion.*
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Patella baja was first described by
Blazina et al® in 1975 at the Ameri-
can Academy of Orthopaedic Sur-
geon Proceedings. They described 10
cases of patella baja arising in a
series of 40 cases of tibial tubercle
transfer for patellar instability. The
common features they described
were: (1) immediate disability after
surgery, (2) retropatellar pain and
crepitus, (3) limitation of motion,
and (4) distal displacement of the
patella confirmed by physical ex-
amination and roentgenographic
studies. Lancourt additionally de-
scribed patella baja (“infera”) in a
landmark article in 1975.6 They
used the Insall-Salvati measurement
method to characterize patellar dis-
locators, patellar chondromalacia,
tibial tubercle apophysitis, and con-
trols. They concluded patella baja
may be associated with tubercle
apophysitis. More importantly, this
was the first peer-reviewed journal
publication to describe naturally
occurring patella baja. Cameron and
Bok-Jung appear to be the first to
describe patella baja in total knee
arthroplasty (TKA) in 1988.” They
described two cases of preoperative
patella baja from previous fractures
undergoing TKA treated successfully
with tibial tubercle osteotomy and
proximalization allowing for ap-
propriate patellar tracking. These
cases revealed severe preoperative
baja with lack of patellar contact
with the femur during range of
motion. Intraoperatively, during
tibial tubercle proximalization, the
authors ensured patellar contact
with the femur during range of
motion to gauge appropriate patellar
height.

Since then, modern literature has
revealed improved techniques for
diagnosis and treatment in patella
baja in TKA. The purpose of this
article is to review the etiology,
diagnosis, differential, surgical treat-
ment, and outcomes of TKA patients
with symptomatic patella baja.

Etiology

Patella baja can be a resultant of
many causes. This first distinction is
between congenital and acquired.
Congenital patella baja has three
distinguishing characteristics: (1)
distal positioning of the patella in
the femoral trochlea, (2) shortening
of the length of the patellar tendon,
and (3) decreased distance between
the distal pole of the patella and the
articular surface of the proximal
tibia.® These characteristics must
not be attributable to trauma or
surgery and present since childhood.
Acquired causes of patella baja
include patellar fracture, anterior
cruciate ligament (ACL) reconstruc-
tion, high tibial osteotomy (HTO),
knee arthroscopy, retrograde femoral
nailing, unicompartmental knee ar-
throplasty (UKA), and the focus of
this article, TKA.8-11

The above acquired etiologies can
be differentiated into two different
forms: a chronic and an acute patella
infera syndrome.'® In chronic con-
ditions, permanent shortening of the
patellar ligament is due to inflam-
matory events associated with other
factors such as quadriceps weakness
or inhibition or immobilization after
femur fractures, HTO, UKA, or ACL
reconstruction. There is a progressive
distal descent of the patella, and the
condition through different stages may
lead to a permanent shortening of the
patellar ligament. In acute patella baja,
the patella may lower immediately
after an injury such as after patellar
fracture. After fracture, the patellar
height remains stable or worsens
during subsequent treatment.!0

In the setting of trauma or surgery,
patella baja may be due to multiple
etiologies. Case reports from patients
with previous surgeries such as retro-
grade femoral nailing suggest scarring
around the patellar tendon, the retro-
patellar fat pad, and contracture of the
patellar tendon.!?13 Opening HTO,

to treat unicompartmental arthritic
disease, classically results in an ele-
vated tibial joint line and subsequent
patella baja, although closing wedge
osteotomy can result in patella baja as
well.14

Patellar tendon shortening after
TKA is a widely recognized compli-
cation with an incidence reported up
to 34% with the greatest amount of
shortening occurring in those pa-
tients who had a lateral release.’®
Recent evidence supports this finding
as Davies et al'® determined an
incidence of 38% for patella baja
after TKA in which the patella ten-
don shortened by at least 10%
compared with preoperative meas-
urements. This shortening is believed
to be due to ischemic or traumatic
injury sustained during surgery
leading to a transient tendon short-
ening after peripatellar and fat pad
contractures and quadriceps weak-
ness.!” Recent literature suggests
that retention of the infrapatellar fat
pad may decrease patella baja due to
decreased ischemic injury.'® This can
be followed by joint stiffness due to
associated arthrofibrosis, permanent
shortening of the tendon, and even-
tual onset of patellofemoral arthro-
sis. Other causes are believed to be
the formation of new bone or teth-
ering of the tendon by intra-articular
fibrous bands.'® Furthermore, scar-
ring of the patella to the retinaculum
may also cause patella baja.® To the
best of our knowledge, patella baja
has not been reported in patellar
resurfacing.

A cause of patella baja unique to
TKA can be a result of alterations in
the level of the joint line or relative
position of the patella in the trochlea:
distalizing the femoral joint line or
raising the tibial joint line. Alter-
ations of the patella-tibial distance
can occur as a result of an overly
aggressive distal femoral resection,
excessive soft-tissue or ligamentous
release, or lower placement of the
patellar polyethylene component.?°
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Weight-Bearing

Normal Insall-Salvati ratio and how
to measure.

Distal positioning of the poly-
ethylene component on the patella
can decrease the distance between
the patella and articular surface of
the tibia.?! In addition, TKA can
have narrowing of the distance
between the distal pole of the patella
and the articular surface of the tibia
without shortening of the patellar
tendon. These causations were
termed pseudopatella baja by
Grelsamer.?? This pseudopatella
baja was noted to occur in 26 primary
TKAs.23

Recent controversy exists regard-
ing whether manipulation of the
patella during TKA may affect the
postoperative patellar height. Espe-
cially among proponents of mini-
mally invasive surgery TKA, where
patellar eversion is avoided, there has
been suggestion that eversion of the
patella causes shortening of the
patellar tendon and poorer outcomes
secondary to development of patella
baja.3 Floren et al, described a lower
incidence of postoperative patella
baja from 37% with standard ap-
proach to 12% with a less-invasive
approach in which the patella is only

displaced but not everted. However,
Sharma et al,>* reported an incidence
of less than 1% of patella baja after
patellar eversion in TKA.

Some authors believe that the
surgical technique of TKA may
inherently result in patella baja.
Specifically, fat pad excision and
lateral release can lead to ischemia
of the patellar tendon.?® In addition,
manipulation of the tendon and
postoperative changes can lead to
scarring and tissue contraction.
UKA may maintain patellar height.
A study by Weale et al'> demon-
strated that patella baja occurred in
34% of TKAs compared with 5%
of UKA at five years postop. They
concluded it was due to limited
dissection needed for UKA. A study
by Davies et al'® also demonstrated
that UKA, whether medial or lat-
eral, did not cause patellar shorten-
ing whereas TKA did. Anagnostakos
et al?® reported on postoperative
patella baja in a group of 41 UKAs up
to 1 year postoperatively. Although
they did not have any strong conclu-
sion for etiology, they did find that
patella baja was markedly more
common in men, age >635 years, and
left-sided knees.

Of interest, UKA sometimes resulted
in perceived patella tendon leng-
thening. This may be due to previous
tendon shortening from arthritic pain
and degenerative processes that after
surgery are corrected as function im-
proves.'® However, this does not
represent a comprehensive explana-
tion as both TKA and UKA report
improved outcomes and function.
Overall, more prospective research
directly investigating patellar length
after knee arthroplasty is needed.

Diagnosis

The definition of patella baja by
Blazina et al’ included the four tenets
of a radiographic low-lying patella
with symptomatic pain, poor func-

tion, and decreased range of motion.
There has been development of sev-
eral different methods to measure
patellar height and patella-tibial
distance to diagnose patella baja.

(1) The first method was described
in 1938 using Blumensaat?”’s
line. Patellar height is measured
from a sagittal radiograph with
the knee flexed 30°. Blu-
mensaat’s line should intersect
the inferior pole of the patella in
the normal knee.

(2) The Insall-Salvati ratio was
described in 1971.2% The length
of the patella tendon is used as
the numerator and the length of
the longest portion of the patella
as the denominator to form a
ratio. The ratio should be 1.0;
however, it can range from 0.8
to 1.2 in normal knees. A recent
study demonstrated that 10% of
TKA patients develop patella
baja defined as an Insall-Salvati
ratio less than 0.8%° (Figure 1).

(3) The Insall-Salvati ratio was
modified in 1992 by Grelsamer
and Meadows.3° This modified
method used length of the
patellar tendon as the numerator
but changed the denominator to
the length of the articular sur-
face of the patella. The ratio
averaged 1.5 in normal knees
with almost all normal knees
having a ratio less than 2.

(4)  Blackburne and  Peel3!
described their method in 1977.
Lateral radiographs are ob-
tained at 30° of flexion. A line is
projected forward from the tib-
ial plateau and measurement
taken from the distal end of the
articular surface of the patella to
the intersection of the tibial
plateau line. A second measure-
ment then is made across the
articular surface of the patella. A
ratio of the first and second
measurement is made with nor-
mal knees falling in between 0.5
to 1. A recent study used the
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Weight-Bearing

Normal Blackburne-Peel ratio and
how to measure.

Blackburne-Peel ratio and de-
termined that this ratio was
predictive of worse outcomes if
decreased3? (Figure 2).

(5) The Caton-Deschamps method
described by Canton in 1982
measures the distance from the
distal portion of the articular
surface of the patella to the
anterior-superior angle of the
tibial plateau on lateral radio-
graphs with the knee flexed
30°.33 The length of the articular
surface of the patella is mea-
sured. The ratio of these two
measurements is taken with a
normal knee falling between 0.6
to 1.3.

(6) Recently, the patella-plateau
angle has been developed to
measure patellar height on a
lateral radiograph.3* It has been
touted as a simple angular mea-
surement with a higher intraob-
server correlation. An angle from
the tibial plateau from anterior to
posterior toward the most infe-
rior articular surface of the
patella is drawn. Normal is
between 21° and 29°.

True patella baja in a total knee arthroplasty. Note the preoperative (right) normal
patellar height ratios and subsequent postoperative (left) abnormal ratios of both
Insall-Salvati and Blackburne-Peel.

A recent study compared the Insall-
Salvati, Blackburne-Peel, and Caton-
Deschamps methods for measuring
patellar height after TKA.3® The
methods were determined to be
reproducible, and preoperative and
postoperative patellar heights were
not statistically different regardless
of method used.

Pseudopatella Baja

Once patella baja is diagnosed on a
lateral postoperative TKA radio-
graph, the next step is to differentiate
true from pseudopatella baja. As
previously discussed, true patella ba-
ja is present when the length of the
patellar tendon becomes shorter than
normal (Figure 3), whereas elevation
of the joint line without change in
length of the patellar tendon is
termed pseudopatella baja. Differ-
entiation between the two may be
done by radiographic means. In true
patella baja, both modified Insall-
Salvati ratio and Blackburne-Peel
ratio will be abnormally low. In
pseudopatella baja, Insall-Salvati ratio
will be normal; however, Blackburne-
Peel ratio will be low (Figure 4).
Elevation of the joint line (and
therefore pseudopatella baja) can

be inadvertently achieved intra-
operatively by:

(1) Elevating the femoral joint line
(excessive distal femoral cut, and
consequently posterior femoral
cut to achieve equal balance);

(2) Elevating the tibial joint line
(under-resecting the tibial cut
and replacing it with the tibial
baseplate and insert that is
thicker than the resected bone);

(3) Excessive soft-tissue release
necessitating elevation of the
tibiofemoral joint line to provide
stability.?!

Of a cohort of 60 patients, Kazemi
et al?! determined that the joint line
was elevated (pseudopatella baja) in
25% after TKA resulting worse in
outcomes affecting range of motion
(ROM) and pain scores. Thornton-
Bott et al*¢ found that the incidence
of pseudopatella baja increases with
the extent of soft-tissue release,
increase in insert thickness, and that
TKA undergoing extensive soft-
tissue release increases the risk of
pseudopatella baja by 100%.

Pseudopatella baja occurs more
commonly in revision TKA. The revi-
sion algorithm may result in an ele-
vated tibial joint line and balance the
flexion and extension gap without
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Pseudopatella baja in a total knee arthroplasty. Note the normal Insall-Salvati
ratio and abnormal Blackburn-Peel ratio, indicating this patient had an elevated
joint line.

sufficient femoral augments. Sur-
geons should pay attention to the
joint line preoperatively using fibu-
lar head (within 1 to 1.5 ¢cm), intra-
operatively using relative
measurements to the medial and
lateral epicondyles (25 mm from
medial epicondyle and 30 mm from
lateral epicondyle), as well as using
intraoperative radiographs to help
avoid this complication.3” Pereira
et al®® proposed different ratios
that could be used to calculate the
knee joint line from bony land-
marks. They found that the joint
line is equidistant between the lat-
eral femoral epicondyle and the
proximal tibiofibular joint. In
addition, the femoral joint line is
one-third the interepicondylar
diameter from the lateral epi-
condyle. Also, the tibial joint line
measured from the corner of the
tibial tubercle is half the tibial
sagittal diameter. Using these data,
they proposed a 3-step algorithm to
avoid the problem of patella baja in
revision and complex TKA: (1) in-
traoperative awareness of patellar
tracking, (2) a stepwise algorithmic
approach for flexion contracture
correction, and (3) placing the joint
line of the reconstruction as closely
as possible to the natural joint line,
and consistent early and effective

rehabilitation with appropriate anal-
gesia is of paramount importance to
prevent pseudopatella baja.
Pseudopatella baja due to joint line
elevation can be addressed in multi-
ple ways. The overriding principle is
addressing the etiology of the joint
line elevation. Typically, over-
resection of the distal and posterior
femoral condyle leads to an increased
tibial polyethylene insert. Revision of
the components to a larger femoral
implant with distal and posterior
augments can correct this problem.

Treatment and Outcomes

Historically, treatments for knee
stiffness resultant from patella baja
were described in native knees.
Typically, from previous knee sur-
gery such as ACL reconstruction,
initial treatments such as adhesion,
scar, and capsular débridement failed
to improve knee range of motion if
the arthrofibrosis was accompanied
with patella baja. Paulos et al®
described their treatment of early intra-
articular and extra-articular capsular
débridement and release for patellar
stiffness. They concluded patients with
patella baja did not improve with
simple débridement, suggesting addi-
tional procedures may needed to
improve the patellar location.

This led to other surgical options
for patella baja in the native knee.
Some literature described tendon
Z-plasty resulting in significant
improvement.#%4! Dejour et al in
Lyon, France, described 35 patients
who had previous surgeries or in-
juries to the knee within an average
Insall ratio of 0.55 (range, 0.35 to
0.87). Their surgical technique en-
tailed isolation of the patellar
tendon, a single longitudinal incision
down the center from patellar pole to
tibial tubercle with each short arm of
the Z transecting superiorly on one
end and inferiorly on the other. The
tendon was subsequently lengthened
and sutured together by each adja-
cent arm. Postoperatively, Insall
ratio increased to 1.02, with 26 pa-
tients having an excellent or good
result and 9 patients having poor
results. They concluded low ratios
<0.6 had better predictability of a
good outcome. Wierer et al similarly
reported on four patients with
patella baja (Caton-Dechamps ratio,
0.53) from previous surgeries, trea-
ted with a modified four limb
Z-plasty. Using a similar exposure as
Dejour et al, they created two addi-
tional limbs of the Z-plasty to a total
of four by transecting the two trans-
verse limbs in a coronal plane anteriorly
to posteriorly. Although this creates
thinner limbs, it allows more surface
overlap at the lengthened site and
possibly more strength. At 34-month
follow-up, the Lysholm score improved
from 49 to 91. They concluded modi-
fied Z-plasty may be a valuable treat-
ment of patella baja. Of note, these
procedures were done in native knees
without a total knee prosthesis. To
date, there has been no record of
Z-plasty in the setting of previous TKA.
Likely due to the concern of extensor
mechanism failure, many arthroplasty
surgeons avoid intentional incision at
the patellar tendon.

Vives-Barquiel et al*? examined
patella baja specifically in TKA knees
and demonstrated that proximal
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osteotomy of the tibial tuberosity was
a successful treatment which improved
flexion by an average of 30° and
improved clinical outcome scores.
They reported on 21 patients with
poor functioning TKA with patella
baja, average Blackburne-Peel ratio
0.3, flexion 70°, and Western Ontario
and McMaster Universities Osteo-
arthritis Index outcome scores of pain
14 and function 42. Intraoperatively,
after doing an open lysis of adhesions
and synovectomy, a tibial tubercle
osteotomy of 4 to 6 cm in length and
1 cm in depth was done, moved
proximally by 1.5 cm and fixed with
two 1.6-mm wire cerclages. Patellar
tracking was then assessed. If the
patella was not resurfaced, it was done
at this time. At an average follow-up of
35 months, flexion improved to 100°,
Western Ontario and McMaster Uni-
versities Osteoarthritis Index pain
improved to 9, and function improved
to 20. Blackburne-Peel ratio averaged
0.5. Complications included acute
infection treated with débridement,
polyethylene exchange and antibiotic
treatment (two patients, 9.5%),
wound dehiscence that required
débridement and reclosure (one
patient), aseptic loosening unrelated to
the osteotomy requiring revision (two
patients), and asymptomatic non-
union of the osteotomy with full active
extension and no functional deficits
(three patients, 15%). Although pa-
tients demonstrated significant (P <
0.01) improvement in patellar height,
ROM, pain, function, and satisfac-
tion, there were notable complications
similar to revision TKA surgery.
Vandeputte and Vandenneucker3
reported similar success with fewer
complications in patients with
pseudopatella baja in TKA who
were undergoing revision TKA. They
compared 13 patients undergoing
TKA revision with proximal tibial
tubercle osteotomy to a matched
cohort of 13 undergoing TKA revi-
sion without proximalization. Both
cohorts were matched by age, sex,

Low Lying Patella s/p
TKA

(Dx: Blackburne-Peel and
Insall-Salvati ratios)

True Patella Baja

Pseudo Patella Baja

Tibial Tubercle
Osteotomy

Revise TKA with Distal
—— and Posterior Augments
and Downsize Tibia

Revision Patellar
Component

Tibial Tubercle
Osteotomy

Tibial Component
Burring

Revision Patellar
Component

Z-plasty Tendon

Tibial Burring

Treatment decision process. After identification of possible patella baja on lateral
radiograph, treatment options are listed below for true patella baja or
pseudopatella baja. Femoral revision should be considered with pseudopatella
baja due to notable joint line elevate. TKA = total knee arthroplasty

body mass index, surgical time, and
radiographic patellar height. Intra-
operatively, their osteotomy con-
sisted of 6 to 8 cm length by 1 to
2 c¢m width, and preservation of the
lateral muscle and periosteal at-
tachments, with bony stabilization
with screws or cerclage wires. The
knee was taken through an ROM
with final fixation before closure. At
2-year follow-up, the osteotomy
group had markedly more improve-
ment compared with the control

group, with proximalization of the
tubercle more than 1 c¢cm reporting
the better improvements. They had
no nonunions nor extensor lags.
Several authors described additional
methods to prevent patellar impinge-
ment and subsequent loss of ROM in
patella baja in TKA.34445 They have
done anterior tibial polyethylene
burring to allow the patella to sit in an
anterior recess, preventing impinge-
ment of the patella. In addition, revi-
sion of the patellar component to a
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superior location if it was placed too
inferiorly resulting in impingement
was also described.**¢ Unfortun-
ately, no author reported outcomes
strictly for these procedures. They
also acknowledged tibial tubercle
proximalization or patellar tendon
lengthening as treatments for patellar
tendon contracture.

Although we have listed the re-
ported treatment options for treat-
ment of patella baja or pseudopatella
baja after TKA, there is a paucity of
literature on this topic. Additional
research is warranted. Ultimately,
addressing the underlying etiology
is a good guide to success (Figure 5).

Summary

Patella baja and pseudopatella baja are
common complications after TKA.
This may be due to anatomical, bio-
mechanical, and surgical etiologies.
Regardless, pseudopatella baja and
patella baja result in worse functional
and patient-reported outcomes after
TKA. Making the correct diagnosis and
differentiating patella baja from pseu-
dopatella baja is critical to determine
etiology and appropriate management.
Treatment may consist of tibial tubercle
proximal osteotomy, tendon Z-plasty,
tibial component burring, patellar
revision, femoral revision or all com-
ponent revision; however, additional
research is needed before an optimal
algorithm can be constructed.
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