
Vol.:(0123456789)1 3

Archives of Orthopaedic and Trauma Surgery (2020) 140:777–783 
https://doi.org/10.1007/s00402-020-03468-6

KNEE REVISION SURGERY

Revision total knee arthroplasty for patellar dislocation in patients 
with malrotated TKA components

Yaniv Warschawski1 · Simon Garceau1 · Tal Frenkel Rutenberg2 · Omar Dahduli1 · Jesse Wolfstadt1 · David Backstein1

Received: 26 October 2019 / Published online: 5 May 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Purpose  Patellar dislocation is a serious complication leading to patient morbidity following total knee arthroplasty (TKA). 
The cause can be multifactorial. Extensor mechanism imbalance may be present and result from technical errors such as 
malrotation of the implants. We sought to understand the reasons for post-arthroplasty patellar dislocation and the clinical 
outcomes of patients in whom it occurs.
Methods  This is a retrospective cohort study assessing the outcomes of revision surgery for patellar dislocation in patients 
with component malrotation in both primary and revision TKAs. Patient demographics, dislocation etiology, presurgical 
deformity, intraoperation component position, complications, reoperation, and Knee Society Scores (KSS) were collected.
Results  Twenty patients (21 knees) were identified. The average time from primary arthroplasty to onset of dislocation 
was 33.6 months (SD 44.4), and the average time from dislocation to revision was 3.38 months (SD 2.81). Seventeen knees 
(80.9%) had internal rotation of the tibial component and seven knees (33.3%) had combined internal rotation of both the 
femoral and tibial components. Fifteen knees (71.4%) were treated with a condylar constrained implant at the time of revi-
sion, and five knees were converted to a hinged prosthesis. The average follow-up time was 56 months. During this time, one 
patient (4.54%) had a recurrent dislocation episode, requiring further surgery. At final follow up, the mean KSS was 86.2.
Conclusion  Revision TKA following patellar dislocation for patients with malrotated components was associated with 
high success rates. After revision surgery, patients had a low recurrence of patellar dislocation, low complication rates, and 
excellent functional outcomes.
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Introduction

Total knee arthroplasty (TKA) has become one of the most 
successful operations of the past 2 decades with prosthetic 
survivorship in excess of 95% at 10-year follow-up [1]. 
Despite long-term survivorship and improved outcomes, 
with the increasing number of primary TKAs being per-
formed, there has consequently been an increase in the abso-
lute requirements for revision TKA [2]. A serious complica-
tions after TKA is patellar dislocation which is commonly 

a result of technical error [3] and with reported rates of 
up to 2% [4]. Several etiologies may lead to this undesir-
able outcome. Broadly speaking, the potential risk factors 
for patello-femoral (PF) dislocation can be categorized as 
follows: component malrotation, improper patellar prepa-
ration (button malposition or asymmetric bone resection), 
soft tissue imbalance (medial retinacular insufficiency, vas-
tus medialis oblique weakness, quadriceps contracture, and 
iliotibial band tightness), limb valgus malalignment leading 
to abnormal extensor mechanism line of pull (affecting the Q 
angle), deficiencies in prosthetic design, and trauma [3, 5]. 
Rotation of both the femoral and tibial components play an 
important role in patellar tracking; therefore, malrotation of 
the femoral and tibial components may contribute to patellar 
dislocation [6].

In general, excessive internal rotation of the femoral com-
ponent shifts the trochlear groove medially, placing it more 
distant from the patella, which then tracks laterally. This 
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increases tension on the lateral retinaculum and exacerbates 
any tendency of the patella to subluxate or dislocate lat-
erally [7]. On the other hand, excessive internal rotational 
of the tibial component causes the tibia to rotate externally 
during knee flexion, driving the tubercle laterally. This also 
leads to lateral patellar tracking and may cause the patella 
to subluxate or dislocate laterally [8]. Finally, a computer-
ized tomography study by Planckaert et al. has shown that 
combined component internal rotation was associated with 
painful TKA [9].

The diagnosis of patellar dislocation is often apparent on 
clinical examination, and is usually confirmed radiographi-
cally on a merchant view. Although CT is considered the 
most accurate method to quantify the degree of rotational 
malalignment [6], several methods to assess for component 
malrotation utilizing plain radiographs have been described 
[10, 11] Furthermore, radiographically suspected compo-
nent malrotation can be confirmed intraoperatively using 
pre-determined landmarks such as the trans-epicondylar axis 
and the femoral anterior tangent line [12, 13].

In patients with patellar dislocation, revision surgery is 
often necessary to regain the ability to ambulate. For those 
who experience component malrotation, several treatment 
options exist, such as medial patello-femoral ligament aug-
mentation [14] or reconstruction [15] and tibial tuberosity 
osteotomy [16]. Prosthesis exchange may be curative [17]. 
Few studies have examined the outcomes of revision surgery 
for patellar dislocation following TKA and most studies have 
consisted of patient populations with heterogeneous etiolo-
gies. Furthermore, the treatment modalities utilized in these 
studies were mixed [3, 4, 18].

This study questions whether patients with dislocated 
patella resulting from malrotation would demonstrate 
improved functional outcomes (range of motion and Knee 
Society Score) after undergoing complete revision surgery 
of both the femoral and tibial components.

Materials and methods

Institutional research ethics board approval was obtained for 
this retrospective study.

The study group consisted of patients undergoing revision 
total knee arthroplasty for patellar dislocation at our tertiary 
care center between 2001 and 2018. Revisions were included 
in the study if they experienced PF dislocation, and at the 
time of revision, component malrotation was confirmed as 
the root cause. The tibial component was considered inter-
nally rotated if the rotational axis was directed medial to 
the medial third of the tibial tubercle. Excessive malrota-
tion was defined in accordance with Drexler et al. [19], who 
demonstrated that alignment of the tibial component at the 
medial border of the tibial tuberosity would cause 6 ° of 

tibial internal rotation. The femoral component was con-
sidered internally rotated if it was found to be internally 
rotated relative to the trans-epicondylar axis. Patients with 
infection or aseptic loosening of components were excluded 
from the study. Data were gathered from the patients’ elec-
tronic medical records and included gender, age, body mass 
index (BMI), American Society of Anesthesiologists score 
(ASA), the etiology for primary arthroplasty, time from 
primary arthroplasty to instability, time to dislocation, and 
dislocation etiology. At the time of revision surgery, compo-
nent fixation, rotation, and soft tissue status were assessed. 
The components utilized at the time of revision and details 
regarding soft tissue releases and plication were noted. Addi-
tionally, complications and reoperation rates were collected.

Preoperative and postoperative radiographs including 
long leg standing films, knee anteroposterior (AP), lateral, 
and merchant views were reviewed. Patellar dislocation was 
confirmed on the merchant view, whereas long leg standing 
radiographs were evaluated for limb axial alignment and 
Q angle. Furthermore, vertical patellar position was meas-
ured on lateral plain radiographs using the Insall–Salvati 
ratio [20]. Patella baja and alta were considered if the ratio 
was < 0.8 or > 1.2, respectively. When CT scans were per-
formed at outside institutions prior to transfer for revision 
surgery, these were reviewed for tibial and femoral implant 
rotation. Routine practice at our center has consisted of a 
preliminary screening radiographic assessment for compo-
nent malrotation. Lateral X-rays are assessed for suspected 
femoral component malrotation. Anteroposterior films are 
then screened for suspected tibial component malrotation. 
This is confirmed intraoperatively at the time of revision 
surgery utilizing the trans-epicondylar axis [13]. Range of 
motion was documented in all patients by an advanced prac-
tice physiotherapist using a standard goniometer. At final 
follow-up, we collected patient Knee Society Scores (KSS) 
[21].

Statistical analysis was performed with SPSS software, 
version 25 (IBM, Armonk, NY). Descriptive analyses were 
performed for both continuous and categorical variables. 
Continuous variables were presented as means with associ-
ated standard deviations (SD). Categorical variables were 
presented as absolute and relative frequencies. A P value 
less than or equal to 0.05 was treated as statistically sig-
nificant. Information regarding missing data is stated below 
each table.

Results

Between November 2001 and September 2018, 787 total 
knee revisions were performed at our institute by the senior 
author. Thirty-six cases underwent revision TKA surgery 
for patellar dislocation. Out of this group, 20 patients (21 
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knees) were found to have malrotated components during 
surgery (Fig. 1). All patients were referred to our academic, 
tertiary care center from outside hospitals. There were 13 
females and 7 males (Table 1). The average age at the time of 
revision surgery was 67 years (SD 8.6; range 49–78 years). 
The pre-arthroplasty diagnoses included osteoarthritis in 
18 patients, rheumatoid arthritis in 2 patients and post-
traumatic osteoarthritis in 1 patient. The average number 
of surgeries performed prior to revision at our center was 
2.1 ± 1.4 (range 1–7). Eight knees (38%) underwent an 
attempt at management with a soft tissue repair (lateral reti-
nacular release, medial patellar plication, patellar tendon 
reconstruction, and irrigation and drainage) at the referring 
center prior to revision surgery at our institution. The aver-
age time from primary arthroplasty to the onset of instabil-
ity was 17.3 months (SD 41.3; range 0–168 months), and 
the average time to dislocation was 33.6 months (SD 44.4; 
range 1–180 months). The average time from dislocation to 
revision was 3.38 months (SD 2.81; range 0.5–12 months). 
The etiology of dislocation was non-traumatic in 12 knees 
(57%) and secondary to an inciting traumatic event in 9 
knees (43%). 

Assessment of preoperative four foot standing alignment 
views identified 11 knees (52.4%) with valgus alignment and 
8 in varus alignment. Furthermore, 12 knees (57.1%) were 
found to have a patella alta. The mean Insall–Salvati ratio 
for this subset of patients was 1.47 ± 0.27 (range 1.25–2.08) 
whereas the mean Insall–Salvati ratio for the entire cohort 
was 1.3 ± 0.32 (range 0.77–2.08). The average Q angle for 
the cohort was 15.8 ° (SD 44.4; range range 6.7–31.6); 
12.7 ° for males and 20.6 ° females.

At the time of surgery, no patients were found to have 
implant loosening. Seventeen knees (80.9%) had an inter-
nally rotated tibial component, 11 knees (52.3%) had an 
internally rotated femoral component and 7 knees (33.3%) 
had internal rotation of both components. The average patel-
lar thickness was 15.4 ± 4.06 mm (range 8–25 mm) and eight 

patellar buttons (38%) were found to be placed laterally. 
Revision components used were unlinked condylar con-
strained in 15 knees (71.4%), hinged prosthesis in 5 knees 
and a posterior stabilized revision implant in 1 knee. Lateral 
release was performed in 14 knees (66.7%) and medial plica-
tion in 4 knees (19%). Intra operative data are summarized 
in Table 2.

The average follow-up time was 56 ± 33.1 months (range 
5–145 months). Two patients (9.5%) had complications fol-
lowing revision surgery. One patient had a recurrent dis-
location episode secondary to repeat falls that eventually 
led to patellectomy (Fig. 2). The second patient had a tibial 
tuberosity fracture as a result of a fall 5 months post-revision 
surgery, which was fixed and healed uneventfully. The mean 
Knee Society Score, at final follow-up, for the patient cohort 
was 86.2. The mean range of motion at final follow-up was 
from full extension to 115 ° of flexion.

Discussion

Patellar dislocation, although rare, is a serious complica-
tion following total knee arthroplasty that is associated with 
decreased functional outcomes and revision surgery. Mal-
rotation of the femoral and tibial components are important 
contributors to patellar dislocation. Berger et al. demon-
strated that combined excessive internal component rotation 
correlated directly with the severity of the patello-femoral 
complication. In their study, malrotation between 7 and 17 ° 
resulted in patellar dislocation [6]. In the current study, most 
of the patients (80.9%) had an excessive internal rotation 
of the tibial implant, whereas a smaller percentage (33.3%) 
had both femoral and tibial component malrotation. Our 
results support those of Figgie et al. who stated that exces-
sive tibial component rotation had the highest influence on 
patellar dislocation rates compared with femoral component 
malrotation [22].

Fig. 1   Etiology for TKR revisions
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Table 1   Patients’ demographics 
and pre-revision data

a Data were unavailable for eight patients
b In one revision, only the liner was replaced
c Data were unavailable for four patients
d Data were unavailable for nine patients

Age, average (SD) 67.0 (8.6)
Gender, n (%)
 Male 8 (40)
 Female 12 (60)

Body mass index (m/kg2)a 36.9 (8.6)
Laterality, n (%)
 Right 12 (57.1)
 Left 9 (42.9)

Contralateral knee replacement, n (%) 6 (28.6)
Etiology, n (%)
 Non-traumatic 12 (57.1)
 Trauma 9 (42.9)

Number of previous surgeries, n (%)b

 1 7 (33.3)
 2 10 (47.6)
 3–5 + 4(19.1)

Diagnosis of primary TKA, n (%)
 Osteoarthritis 18 (85.7)
 Rheumatoid arthritis 2 (9.5)
 Trauma 1 (4.8)

Primary TKA implant, n (%)c

 Zimmer, Nexgen PS 7 (41.1)
 Stryker, Triathlon PS 5 (29.4)
 Biomet, Vanguard PS 1 (5.9)
 Depuy, Sigma PS 2 (11.8)
 Smith & Nephew, Genesis CR 2 (11.8)

Onset of instability after primary TKA (months), average (SD) 17.3 (41.3)
Onset of dislocation after primary TKA (months), average (SD) 33.6 (44.4)
Time from patellar dislocation to revision (months), average (SD) 3.38 (2.81)
Previous surgery types, n (%)
 TKR 11 (52.4)
 Revision TKRb 6 (28.6)
 Soft tissue repair 4 (19)

Soft tissue repair before revision, n (%) 8 (38.1)
Primary deformity, n (%)d

 Varus 4 (33.3)
 Valgus 5 (41.7)
 Natural 3 (25)

Insall–Salvati ratio
 < 0.8 1 (5)
 0.8–1.2 7 (35)
 > 1.2 12 (60)

Pre-revision Q angle, average (SD) 14.9 (6.5)
Pre-revision alignment, n (%)
 Varus 8 (38.1)
 Valgus 11 (52.4)
 Neutral 2 (9.5)

Pre-revision CT, n (%) 6 (28.6)
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In our cohort, 9 patients (42.9%) experienced patellar dis-
location following a traumatic episode, all of whom were 
found to have malrotated components intra-operatively. We 
propose that in such cases, it is possible that component 
malrotation may have been the culprit for PF dislocation 
and that trauma may have resulted secondarily (i.e. a fall).

Interestingly, 9 patients (45%) who presented with patel-
lar dislocation experienced a sense of patellar instability in 
the early post-operative period after their primary TKA but 
only dislocated their patella at an average of 26 months post-
operatively. We postulate that in asymptomatic patients with 

component malrotation, the onset of pain and instability may 
present in a delayed fashion through two mechanisms. First, 
component malrotation may, over time, lead to attrition of 
the ligamentous checkrein mechanisms eventually leading 
to PF dislocation. Second, failure of PF soft tissue supports 
may be accelerated or caused by an inciting traumatic event 
leading to PF dislocation. According to Motsis et al., in the 
context of patellar dislocation, a history of persistent pain 
immediately following the index TKA procedure is more 
likely to be related to the surgical technique; whereas a 
sudden onset of instability after an asymptomatic period is 
more likely related to failure of the component or soft tissues 
[23]. However, in our study, six patients who were asymp-
tomatic after their primary arthroplasty procedure experi-
enced a sense of instability for a duration of 7–168 months 
post-operatively. These patients were also all found to have 
malrotated components during the revision surgery. Surpris-
ingly, these patients initially tolerated the malrotation and 
were largely asymptomatic.

Furthermore, five patients out of the eight who under-
went an attempt with soft tissue repair prior to the complete 
revision at our center were treated with lateral retinacular 
release. According to Arnd et al., a lateral retinacular release 
reduces internal rotation of the tibia [24]; we assume that 
this procedure might have delayed the dislocation of the 
patella in these patients.

Lastly, all patients in this study’s cohort sustained addi-
tional technical errors besides the malrotated components 
(Table 3). This suggests that patellar dislocation is a multi-
factorial entity requiring a thorough preoperative evaluation, 
including a detailed clinical and radiographic evaluation. In 
addition, further workup for infection and osteolysis should 
be considered when appropriate.

The current study demonstrates that patients undergoing 
revision total knee following patellar dislocation achieve sat-
isfactory KSS following revision. Kingsley et al. evaluated 

Table 2   Intra-operative findings and post-operative results

a Data were unavailable for one patient
b Data were unavailable for two patients
c Data were unavailable for three patients

Tibial component position, n (%)a

 Internal rotation 17 (80.9)
 Appropriate positioning 4 (19.1)

Femoral component position, n (%)a

 Internal rotation 10 (45)
 Appropriate positioning 11 (55)

Combined component position, n (%)a

 Internal rotation 6 (28.5)
Patellar button position, n (%)
 Medial 5 (23.8)
 Central 6 (28.6)
 Lateral 8 (38.1)
 Not exchanged at primary 2 (9.5)

Position of patella, n (%)a

 Alta 12 (60)
 Normal 7 (35)
 Baja 1 (5)

AVN patella, n (%) 2 (9.5)
Thickness of patella (mm), average (SD) 15.4 (4.1)
Surgical release, n (%)
 None 6 (28.6)
 Lateral retinacular 11 (52.4)
 Medial plication 1 (4.7)
 Lateral retinacular + medial plication 3(14.2)

Knee system, n (%)
 LCCK 15 (71.4)
 RHK 5 (23.8)
 NexGen LPS 1 (4.8)

Patellar button revised, n (%)
 Yes 4 (19.9)
 No 14 (66.7)

Knee Society Score, average (SD) 86.5 (13.2)
Post-operative flexion, average (SD)b 115.3 (10.2)
Post-operative extension, average (SD)b 0.2 (0.9)
Follow-up (months), average (SD)c 56

Fig. 2   76-Year-old male with a recurrent patellar dislocation 2 weeks 
after revision surgery. Merchant radiograph shows an avascular 
necrosis and laterally dislocated patella
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the functional outcomes of 39 patients undergoing revision 
TKA due to patellar dislocations. In their cohort, two-thirds 
of the patients had residual disability and pain. The average 
Knee Society Score improved by only 42 points, reaching a 
score of 77 points [3]. However, Kingsley had several limita-
tions that we controlled for in our study. First, their cohort 
was not homogeneous with regard to component alignment 
and methods of treatment. Only nine patients (23%) from 
the Kingsley’s cohort had malrotation of the components, 
whereas the current study group patients all had malrota-
tion diagnosed. Second, in contrast to Kingsley et al., all the 
patients in our study underwent revision of both the femoral 
and tibial components. Therefore, we believe that full-com-
ponent revision leads to better clinical results compared to 
partial revision [25]. Lastly, in contrast to Kingsley et al., 
patients with infection or aseptic loosening were excluded 
from our study. These conditions may contribute to dislo-
cation and, therefore, confound the clinical utility of that 
study’s results.

There are several limitations to the current study. First, 
the study is retrospective in nature which has the potential 
to bias the findings. Second, data regarding the precise mag-
nitude of malrotation were not measured intra-operatively 
which prevents precise quantitative assessment of the degree 
of malrotation which may be clinically relevant. Assessment 
with preoperative CT scans in the study patients may have 
improved the ability to quantify the degree of malrotation 
and further compliment intraoperative assessment. Fur-
thermore, there was variation in re-operations performed 
at other centers prior to being transferred to our care. This 
led to differences in the total number and types of proce-
dures performed on patients which may have affected final 
outcomes overall. Lastly, although the KSS score was uti-
lized to assess post-operative outcomes, we were unable to 
assess pre-operative scores because of severe impairments 
in patient function.

In conclusion, revision surgery of both the femur and 
tibia for patellar dislocation in patients with malrotated TKA 
components appears to be beneficial. Complete component 
revision led to excellent results in the current study, and 
should be considered over soft tissue procedure or partial 
revision for patients with patello-femoral instability and con-
firmed component malrotation.
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