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e Purpose: To systematically review and analyze the data available in the literature to evaluate
the role of patellofemoral overstuffing in affecting clinical outcomes following primary total >

knee arthroplasty.
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e Methods: A systematic literature review was conducted following the PRISMA guidelines.

Only studies including primary total knee arthroplasty in the setting of osteoarthritis with a
quantifiable method of measuring patellofemoral overstuffing using pre- and post-operative

> patellofemoral compart-
ment overstuffing

x-rays or advanced imaging, as well as reported subjective and/or objective patient > patellofemoral joint
outcomes in relation to patellofemoral overstuffing were included. Extracted data included stuffing
patellofemoral overstuffing quantitative measurement method, outcome measurements, » anterior knee stuffing

follow-up, patient demographics, author, and publication details. Descriptive analysis was

provided for the available literature.

e Results: There were six included articles with a total of 2325 TKAs assessed. All papers found
no significant effect on clinical outcomes when the amount of PFJ overstuffing was within

reason.

e Conclusion: The amount of overstuffing that routinely takes place seems to be within
tolerable limits and does not create a significant difference in clinical outcomes.

Nevertheless, it is recommended to recreate the anatomic dimensions of the PF| in order to

best obtain a joint that is within this safe margin of error.
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Introduction

Total knee arthroplasty (TKA) is generally considered a
successful surgery, although 5-20% of individuals are
unhappy with their outcome following surgery (1, 2), and
approximately 5-10% will eventually go on to revision
surgery within 10 years (3, 4). There are reports of up
to 23% of patients experiencing of anterior knee pain
(AKP) postoperatively (5, 6, 7). Loss of motion, decreased
function, and pain are three causes of post-TKA AKP that
are believed to be attributable to the anatomy and function
of the patellofemoral joint (PF)) (8,9, 10, 11,12, 13, 14,15,
16). The dimensions of the PF] are affected by the femoral
implant position and size, as well as the position and size
of the patellar prosthesis after resurfacing is performed
(15, 17). PFJ overstuffing occurs as the amount of bone
and cartilage resected is less than the thickness of the
prosthesis replacing it (11, 12, 18). The anteroposterior
PF) size is altered by a combination of changes in the

anterior patellar displacement (APD), anterior-posterior
femur diameter (APFD), anterior femoral offset (AFO), and
posterior femoral offset (PFO) (11, 12, 17, 18). There have
been several biomechanical (19, 20, 21, 22, 23, 24, 25)
and clinical papers suggesting the negative effects of PF)
overstuffing (11, 26, 27, 28, 29, 30, 31). In contrast, there
have also been a number of biomechanical (20, 32) and
clinical studies suggesting no effect on clinical outcomes
when the amount of overstuffing is within reason (7,
15, 16, 18, 33, 34, 35). This study aims to systematically
review all of the available literature to determine if PF)
overstuffing in TKA affects clinical outcomes.

Methods

This systematic review was registered with PROSPERO
International prospective register of systematic reviews.
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (www.prisma-statement.
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org) were adhered to in the production of this systematic
review. PubMed, Scopus, and Cochrane databases were
reviewed for English language, human studies published
between inception of the databases and June 2020.
The following search terms and variations were used:
‘Patellofemoral Overstuffing” OR ‘Total Knee Arthroplasty
Patellofemoral ~ Overstuffing’” OR  ‘Patellofemoral
Stuffing” OR ‘Overstuffing in Total Knee Arthroplasty’
OR ‘Patellofemoral Joint Offset” OR ‘Overstuffing the
Patellofemoral Compartment’” OR ‘Patellofemoral Joint
Overstuffing’.

Inclusion criteria consisted of the following: (i) studies
published in the English language; (ii) a quantifiable
method of measuring PFJ overstuffing thatincludes APD or
patellar thickness (PT), if resurfaced, and/or AFO or APFD
using pre- and postoperative x-rays or advanced imaging;
(iii) TKA performed for osteoarthritis; (iv) reported
subjective and/or objective patient outcomes in relation
to PFJ overstuffing; (v) patient follow-up of at least 1 year;
(vi) prosthetic implant that is cruciate retaining (CR) or
posterior stabilized (PS); and (vii) peer-reviewed full-text
publications. Exclusion criteria included the following:
(i) TKA performed for inflammatory arthropathy or
trauma; (ii) revision TKA; and (iii) hinged prostheses,
mega prostheses, or other implants not routinely used in
primary TKA across multiple populations. Case reports,
biomechanical studies, cadaveric studies, and review
articles were excluded from data collection but were
reviewed as part of the literature. All abstracts were
reviewed by two of the included authors and evaluated
with these criteria in mind. The same authors then
reviewed the full text of eligible studies to determine
final inclusion. Reference lists and citations were cross-
referenced for included studies that met inclusion
criteria but were not found through a direct search of the
databases. Data was extracted by the same two authors
from all the included studies using a standardized data
form created by the authors at the onset of the study.
Inconsistencies between authors were resolved by joint
review of the content in question. Data from individual
studies is listed in Table 1.

The methodological quality of the included studies
was assessed using the methodological index for non-
randomized studies (MINORS) tool, which is a validated
instrument to determine the methodological quality of
such studies for the purpose of meta-analysis (36). These
results are included in Table 1, with each paper's detailed
score in Appendix A (see section on supplementary
materials given at the end of this article). The level of
evidence of each article was graded using the classification
published by Marx et al. (37) and is included in Table 1.

The included studies were required in our analysis to
have preoperative and postoperative imaging to quantify
overstuffing. As there is no standardized way of measuring
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Table 1 Data from included papers.

Femoral reference F/U, years

BMI CRvs PR

Age, years

Fvs M
128 vs 65

Quality (Minors) TKA, n

COl  Study type LOE

No

Surgeons, n

Country of study

Study

Anterior

Ovs 193
96 vs 11

29.9

71

193

14
14
12
15
14
21

Posterior
Both
NR

30.8
33

68.9
76

55vs 45

107
970

830

0vs 970
715vs 115

607 vs 363

4.4

68.9 NR

348 vs 208
64 vs 26

Posterior
NR

0vs 90

29.1
NR

70.3

90

135

29

Ovs 135

67.3

67 vs 21

Beldman et al. (33) the Netherlands

Yes
Yes
Yes
Yes
NR

NR

UK

Kemp et al. (34)
Matz et al. (35)

Canada
USA
USA
USA

Pierson et al. (18)
White et al. (7)

NR

Daluga et al. (26)

BMI, body mass index; COI, conflict of interest; CR, cruciate retaining; F vs m, female vs male; F/U, follow-up; LOE, level of evidence; PC, prospective cohort; PS, posterior stabilized; RC, retrospective cohort.

SS, subscale.
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Figure 1

Methods of quantifying PF) overstuffing produced by Pierson

et al. (18) (A) Anterior patellar displacement (APD), (B) Anterior
posterior femoral diameter (APFD), (C) Anterior femoral offset
(AFO), (D) Posterior femoral offset (PFO).

PF) overstuffing, the included papers were heterogeneous
in this respect. All included papers employed protocols
that incorporated PT or APD if resurfacing was performed
and/or AFO or APFD. Different terminology is utilized
throughout the papers by the various authors to describe
similar measurements. All their terms will be defined and
aggregated here.

Figure 1 displays AFO, PFO, APFD, and APD. Based
on the data produced by Ghosh et al. (38), medial
patellofemoral ligament (MPFL) length increases with PF]
overstuffing so Kemp et al. (34) included this in their PF)
measurement methods. They demonstrated the MPFL
distance (Fig. 2D) and teardrop distance (Fig. 2C) are
ways of combining APD and AFO. They also measured
the anterior trochlear offset, which is the same as AFO.
They divided these measurements by femoral diameter
to obtain ratios to mitigate magnification errors. This
method is displayed in Fig. 2.

Results

Our initial literature search vyielded 1313 articles.
Following the elimination of duplicates and unrelated
articles based on the evaluation of titles, 90 full-text
papers were evaluated. After applying our exclusion and
inclusion criteria, outlined above, six articles were deemed
appropriate for inclusion in this analysis. A flowchart of
study selection is shown in Fig. 3.

The six included articles consisted of three retrospective
cohorts (18, 26, 35) and three prospective cohorts (7,
33, 34) published in four different countries from 1991
to 2019. The retrospective studies were classified as
level Il evidence and the prospective studies as level I

Figure 2

Methods of quantifying PFJ overstuffing produced by Kemp

et al. (34) The teardrop distance (A) is measured from the most
posterior aspect of teardrop (B) to the anterior surface of the
patella. The teardrop distance ratio (TDR) is composed of the
teardrop distance divided by the shaft diameter (A). The medial
patellofemoral ligament (MPFL) distance (D) is measured from
the MPFL origin to the anterior surface of the patella. The MPFL
distance ratio (MPFLDR) is composed of MPFL distance divided
by shaft diameter (A). The anterior trochlear offset ratio (ATOR)
is composed of the anterior offset distance (E) divided by the
shaft diameter ().

evidence, according to Marx et al. (37). All papers used
a combination of outcomes instruments such as the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), Knee Society Score (KSS), Knee Society
Function Scale (KSFS), Knee Society Pain Scale (KSPS),
Hospital for Special Surgery Score (HSS), range of motion
(ROM), and AKP. In total, there were 2325 TKAs assessed
from patients with mean ages ranging from 67.3-76
years. Of the TKAs, 811 were CR knees and 1514 were
PS knees. There were 193 anterior referenced knees and
197 posterior referenced knees. Participant makeup was
728 males and 1269 females. Follow-up averages ranged
from 1 to 4.4 years. Based on the MINORS tool the
methodological quality of papers ranged from 12 to 21
(36). Individual paper data are listed in Table 1.

Matz et al. (35) evaluated 970 TKAs. The authors
found that if overstuffing is defined as 1 mm increase

www.efortopenreviews.org
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database searching through other sources
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Figure 3

PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flowchart of study selection.

in AFO from preoperative to postoperative radiographs,
50.8% were considered overstuffed, with an average
2.8 mm increase in AFO for the overstuffed TKAs. About
43.6% were considered overstuffed when defined as a 1
mm increase in APFD, with an average 4.7 mm increase
in the APFD in these overstuffed TKAs. About 11.8% were
considered overstuffed when defined as a T mm increase
in APD, with an average 3.1 mm increase for this group.
On average, for all TKAs in this study, AFO was unchanged,
APFD was decreased by 0.7 mm, and APD was decreased
4.2 mm. Increased, maintained, or decreased AFO was
not significantly associated with changes in postoperative
WOMAC and KSS scores or subscale scores. Similarly,
APFD and APD were not significantly associated with
changes in postoperative WOMAC and KSS scores or
subscale scores. Range of motion was not affected by

Table 2 Matz et al. (35) showed that increased, maintained, or
decreased AFO, APFD, and APD were not significantly associated with
changes in postoperative WOMAC or KSS scores. P-values are presented
in the table.

AFO* APDY} APFD}
ROM 0.690 0.060 0.883
KSS 0.885 0.619 0.620
KSFS 0.519 NR 0.440
KSPS 0.735 NR 0.300
WOMAC 0.681 0.490 0.589
Pain SS 0.904 0.236 0.259
Function SS 0.647 0.703 0.316
Stiffness 0.098 NR 0.316

*Stuffing defined as AFO increased by at least 1Tmm (2.8 average); Stuffing
defined as APD increased by at least Tmm (3.1 average); ¥Stuffing defined as
APFD increased by at least Tmm (4.7 average).

SS, subscale.
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changes in AFO, APFD, and APD. These P-values are listed
in Table 2. They identified the mean average of patellar tilt
postoperatively as 6.7 degrees, which did correlate with
an increase in APD but did not correlate with decreased
outcome scores or total motion. They concluded that PFJ
dimensions are extremely hard to recreate anatomically
and small changes in dimensions likely do not adversely
affect clinical outcomes.

Pierson et al. (18) studied 830 knees. A total of 19
knees were considered overstuffed when the term was
defined as a 15% increase in combined APD and APFD.
The mean outcome scores and ROM when comparing
overstuffed vs unstuffed TKAs are listed in Table 3. The
authors found that an increase in APD was correlated
with a significant decrease in ROM (P=0.0079, 0.18
degrees/1 mm), increase in the KSFS (P < 0.0001, 0.52/1
mm), and a lower probability for the need for a lateral
retinacular release (P=0.0022, odds ratio=0.50/1 cm).
APD had no significant association with KSS (P=0.1824)
and KSPS (P=0.4838). Increased APFD demonstrated a
significant increase in ROM (P=0.0182, 0.14 degrees/1
mm), decrease in the KSFS (P=0.0094, 0.23/1 mm), and
higher odds of lateral retinacular release (P=0.0010, odds
ratio=1.9/1 cm). APFD had no significant association with
KSS (P=0.8030) and KSPS (P=0.2688). The combined
APD and APFD were found to have no significant effects
on ROM (P=0.8869), KSS (P=0.3127), KSFS (P=0.3191),
and KSPS (P=0.5372). An increase AFO increased the
odds of lateral release (P=0.0006, odds ratio=2.2/1
cm). An increase in PFO resulted in a significant increase
in ROM (P=0.0492, 0.12 degrees/mm), but AFO did
not correlate with ROM. Increases in AFO (P=0.0092,
.27/17 mm) and PFO (P=0.0385, 0.20/1 mm) produced
significant decreases in the KSFS. AFO and PFO did not
correlate with KSS or KSPS. They found no clinically
significant difference in KSS (P=0.9949), KSFS (P=.7898),
KSPS (P=0.0851), or need for lateral release (P=0.0612)
related to PF] overstuffing between PS and CR knees.
There was a significant increase in ROM of 4.4 degrees in
PS vs CR implants (P < 0.0001) independent of patellar
stuffing. They concluded that PF| overstuffing is not
significantly associated with adverse outcomes, caution
should be exercised when attributing unexplained pain
to PFJ overstuffing, and revision should not be performed
for this alone.

Kemp et al. (34) collected data on 107 patients
and reported a significant association between an
increase in anterior trochlear offset ratio (ATOR) and
a reduction in WOMAC pain (P=0.039) and WOMAC
function (P=0.036) scores one year postoperatively.
No association was found between increased ATOR and
WOMAC stiffness score and no significant associations
were identified between changes in teardrop distance
ratio (TDR) or MPFL distance ratio (MPFLDR) and any of

www.efortopenreviews.org
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Table 3 Comparison of overstuffed and unstuffed knees by Pierson et al. (18).

ROM KSS KSFS KSPS
Value n Value n Value n Value n
APD*
Overstuffed 111.8 41 921 41 84.3 41 44.8 41
Unstuffed 114.3 750 94.3 757 82.4 723 47.5 757
P-value 0.2019 0.2594 0.5168 0.1457
APD +APFDY
Overstuffed 1131 19 97.5 19 79.5 19 49.7 19
Unstuffed 114.2 762 94.3 769 82.5 723 47.5 757
P-value 0.6917 0.0001 0.4547 0.0001

*Stuffing being defined as at least a 15% increase in APD; TOverstuffing being defined as at least a 15% increase in combined APD and APFD.

the postoperative WOMAC scores. It is noted that pain,
function, and stiffness scores were transformed to 0-100
scales, with 100 indicating no pain/functional difficulty/
stiffness and O indicating extreme pain/functional
difficulty/stiffness. They concluded that there was no
association between PF] overstuffing and negative clinical
outcomes, although there is a small, statistically significant
association between increased AFO and worse pain and
function. Results from this study are listed in Table 4.

Beldman et al. (33) reported on 197 knees and
defined overstuffing as any increase in measurements.
Their results demonstrated 84 knees with increased AFO,
168 with increased PFO, and 155 with increased APFD.
The WOMAC scores for all patients were normalized
on a scale from 0 to 100. Patients with increased AFO
demonstrated a statistically significant decrease in
WOMAC stiffness subscale, but there was no significant
difference when comparing the total WOMAC score
or other subscales. Patients with increased APFD
demonstrated a statistically significant decrease in the
WOMAC pain subscale, but no significant difference
when comparing the total WOMAC score or other
subscales. Increased PFO had no significant effect on
outcome scores. The authors found no statistically
significant increase in AKP with an increase in AFO,
PFO, and APFD. They conclude no relation between PF|
overstuffing and AKP or patient-reported outcome. Their
results are shown in Table 5.

White et al. (7) evaluated 90 patients and defined
overstuffing as a 6 mm increase in APD post-TKA. In their

Table 4 Linear regressions between WOMAC pain (a) and stiffness (b)
scores at 12 months and change in TDR, MPFLR, and ATOR adjusted for
age, sex, and baseline WOMAC scores by Kemp et al. (34).

Regression coefficient 95% ClI P-value
A: Stiffness
Change in TDR -11.89 —69.21 to 45.44  0.681
Change in MPFLR —48.32 —122.36t0 25.71  0.198
Change in ATOR —8.14 —15.86to-0.42 0.039

B: Scores at 12 months
Change in TDR 7.35
Change in MPFLR —8.54
Change in ATOR =5.75

—55.52t070.22 0.817
-90.25t073.17 0.836
—14.53t03.04  0.197

study, 2 of 90 knees were overstuffed. Neither of these
patients had a statistically significant change in ROM,
KSS, KSFS, or AKP. The mean APD preoperatively was 31.2
mm and 29.0 mm. Results are listed below. They report
that PF] overstuffing does not negatively affect clinical
outcomes. Their results are listed in Table 6.

Dalugaet al. (26) studied 135 TKAs and when defining
TKA overstuffing as a 12% increase in APFD, 10 were
overstuffed. All 10 of these joints required manipulation
(P =.026), compared to 84/125 unstuffed knees that also
required manipulation in this series. The TKAs requiring
manipulation had a 6.6% +/— 6% increase in APFD,
compared to 4.6% +/— 4.7% in those not requiring
manipulation, but this was statistically insignificant
(P=-0.15). Two of 10 in the overstuffed group, compared
to 5/125 in the unstuffed group, required revision surgery.
An increase in APFD did not correlate with a decrease in
ROM or HSS scores. They concluded that a 12% increase
in APFD is an independent variable for manipulation and
may increase the chance of implant failure. Their data is
shown in Table 7.

Discussion

Some studies report that 10% of TKA revisions are due to
PF) pain and the exact generator of this pain often remains
unknown. (7, 39, 40, 41) The etiology of changes in the
PF) dimensions and kinematics is multifactorial, including:
AFO, PFO, APFD, APD, component position, component
design, component material, surgical technique, and
more (7, 14, 15, 41, 42, 43). PF] overstuffing has been
shown to have the potential to affect the lever arm
provided by the quadriceps mechanism in the knee,
alter the contact forces between the implants, and
potentially lead to decreased strength, motion, and an
increase in loosening and pain (15, 19, 20, 21, 22, 23,
24). The degree of these alterations required to produce
a clinically important difference has not been established
in the literature. Some have stated that the amount of
overstuffing that routinely occurs across a wide array of
surgeon skill levels and techniques does not significantly
alter patient outcomes (15, 18, 33, 34).

www.efortopenreviews.org
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Table 5 Comparison of overstuffed and unstuffed knees by Beldman et al. (33)

Anterior knee pain

n No Yes WOMAC Pain SS Function SS Stiffness SS

Anterior overstuffing — ACO*

Overstuffed 84 57 27 20.8 14.8 19.3 28.6

Unstuffed 109 85 24 19.1 13.4 18.4 24.8

P-value 0.14 0.1 0.36 0.54 0.02
Posterior overstuffing — PCO"

Overstuffed 168 121 47 20.1 14.5 19.2 26.4

Unstuffed 25 21 4 18.2 11.0 15.5 26.5

P-value 0.24 0.65 0.05 0.93 0.38
Anterior stuffing— APFD*

Overstuffed 155 112 43 20.4 14.4 19.5 26.8

Unstuffed 38 30 8 17.7 12.5 15.7 25.0

P-value 0.54 0.06 0.02 0.10 0.55

*Anterior overstuffing defined as an increase in ACO; Posterior overstuffing defined as an increase in PCO; *Anterior stuffing defined as an increase in APFD.

Pierson et al. (10) reported for every millimeter of
increase in APD, there is a corresponding 0.18° decrease
in ROM and a 0.52-point increase in the KSFS. Clinically,
this indicates that a 1 cm change in APD, which is well
outside the norm, could result in a 1.8° change in the
ROM and a 5.2-point change in the KSFS. Similarly,
they showed for every millimeter of increase in APFD,
the ROM increased by 0.14° and the KSFS decreased by
0.23 points. For every millimeter increase in AFO and
PFO, the KSFS decreased by .27 and .20. Matz et al.
(35) analyzed their results by adding -4 mm to AFO
and APFD to account for lack of cartilage appreciation
on x-ray and they found no significant effect on ROM or
outcome scores, demonstrating that adjustments of up to
4 mm do not change the outcome. They concluded that
small changes in dimensions likely do not adversely affect
clinical outcomes.

An excluded study produced by Alcerro et al. (15)
examined PT pre- and post-TKA and found that a range
of —1.06 mm to 2.58 mm within native PT did not
significantly affect ROM or other outcome scores. Beldman
et al. (33) showed no statistical difference in WOMAC
score, but analysis of the component items within the
WOMAC questionnaire revealed a statistically significant
improvement in mean stiffness and pain subscale for the
patients without PF] overstuffing. However, these two
subscales only showed an average difference of 3 points
between patients with and without overstuffing. They
note that the minimum clinically important difference
(MCID) estimate for the WOMAC is 15 points (44).
The authors concluded that patients with overstuffing

Table 6 Data presented as an odds ratio of change in clinical outcome
by White et al. (7). Overstuffed (n=2) defined as a 6mm increase in APD.

Odds ratio P-value
ROM —0.73 (-0.21 to 1.78) 0.121
KSS —0.011 (-1.38 to 1.15) 0.861
KSFS —0.010 (=1.21 to 1.0) 0.056
AKP 1.01 (0.79 to 1.10) 0.901

had similar patient-reported outcomes compared to
those without overstuffing and observed no correlation
between PF| overstuffing and AKP. The results of Kemp
et al. (34) suggest that doubling the preoperative ATOR
would cause an approximate eight-point reduction in
both the WOMAC pain and function scores which falls
under the MCID of 15 for the WOMAC score. Therefore,
this study would suggest that AFO would have to triple
the preoperative value to cause MCID. The authors
did identify a small, statistically significant association
between the AFO and worse postoperative knee pain and
function scores, though this was well under MCID for the
WOMAC scores.

Pierson et al. (18) found the probability of lateral
retinacular release decreased with increased APD.
Probability of retinacular release increased with increased
APFD and AFO, but only 10% of releases could be
associated with these increased measurements. The
probability of requiring release was more associated with
factors such as gender, absolute femoral component
size, and patellar button size. Theoretically, increases
in all three measurements should increase tension on
the lateral retinaculum, but APD decreased the odds of
needing a release in this study. Some studies have stated
the negative effect of an uneven patellar cut leading to
non-uniform distribution of forces, increased patellar
tilt, and patellar maltracking (7, 45, 46, 47). White et al.
(7) found that a patellar resection angle greater than 5°
was associated with an increased incidence of AKP (7).
These findings confirm that PF) overstuffing does affect

Table 7 Comparison of overstuffed and unstuffed knees by Daluga
et al. (26). Overstuffed defined as a 12% increase in APFD, all
manipulations within 3 months.

Overstuffed Unstuffed
n 10 125
HSS 84 87
ROM 102 106
Manipulation 10 (100%) 84 (67.2%)
Revisions 2 (20%) 5 (4%)

www.efortopenreviews.org
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the kinematics of the PFJ, but multiple other variables are
involved and maybe more influential in post-TKA AKP
and dysfunction. While a comprehensive examination of
these variables exceeds the scope of this paper, trochlear
design serves as a prime example. Typically, TKA implants
feature a fixed trochlear design that remains unchanged
for each patient. However, a study by Dejour et al. (43)
demonstrated the variation of trochlear design in 14
commonly employed implants from the normal trochlear
anatomy.

Overall, the variability in measured parameters
for overstuffing was relatively small. Matz et al. (35)
reported a tendency toward decreased PF] stuffing with
an overall average increase in AFO of 0 mm (SD, 2.9),
APFD of 0.7 mm (5.9), and APD decrease of 4.2 mm (3.8).
Kemp et al. (34) reported the magnitude of overstuffing
seen as relatively small when TDR and MPFLD are used
with an upper limit of 112.9% and 118.1% (expressed
as a percentage of preoperative values). However, when
ATOR was used, larger magnitudes were identified with a
maximum of 299%. White et al. (7) reported 5/90 with
>2 mm increase in APD and 2/90 with a 6 mm increase in
APD. The mean APD decreased by 2 mm postoperatively.
Alcerro et al. (15) showed that 80% of patellae in their
study were thicker following TKA by an average of 2.58
mm. Daluga et al. (26) found 10/135 with a 12% or more
increase in APFD.

Multiple studies have shown that PF] overstuffing may
lead to decreased ROM but this does not necessarily
correlate with a decrease in outcome scores (16, 26, 31,
48). Pierson et al. (18) noticed that as ROM decreased,
there was an increase in KSFS. They proposed that this
was due to an anterior displacement of the extensor
mechanism which limited excursion but improved
efficiency by increasing the momentarm of the quadriceps.
In their cohort of 135, Daluga et al. (26) showed that
all 10 overstuffed TKAs, defined as a 12% increase in
APFD, required manipulation due to various limitations
in ROM at variable time points within 3 months of the
initial surgery. Compared to 84/125 unstuffed knees
that also required manipulation within 3 months, the
overstuffed group achieved a very similar HSS score (84
vs87), and ROM (102 vs 106) at the final follow-up. This
study concluded that there was a significantly increased
risk of manipulation in patients with PF] overstuffing, but
no statistical difference in outcome score or ROM at 2.9
years.

In terms of surgical technique, overstuffing is
determined by the size, position, and design of the
implant and the amount of bone removed. Bone removal
is determined by the positioning of the cutting jig using
a posterior or anterior referencing system. It is plausible
that posterior referencing allows greater potential to
create overstuffing of the PF] because this provides
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constant posterior cut and variable anterior cut, but
both methods pose a potential to change PF| dimensions
(34). This was shown by Beldman et al. (33) who used
anterior referencing and demonstrated an increase in PFO
in 87% of subjects compared to 43.5% of subjects with
an increase in AFO. None of the papers directly compared
the amount of overstuffing in anterior-referenced systems
vs posterior- referenced systems, but there were 193
anterior-referenced and 197 posterior-referenced knees
with no findings to suggest PF| overstuffing significantly
impacts relative outcomes. Similarly, only one of the six
papers directly compared CR to PS. Pierson et al. (18)
found no clinically significant difference in KSS, KSFS,
KSPS, or need for lateral release related to PF] overstuffing
between PS and CR knees. There was a significant increase
in ROM of 4.4 degrees in PS versus CR implants.

Another variable that differed in each paper was the
quantification method. Prosthetic designs may provide
different trochlear depths, so methods that measure APD
(18) versus AFO (33) may be better. Additionally, methods
that incorporate APFD or PCO (18) may be more accurate
because an increased PFO may anteriorly displace the
patella. Although anteriorization of the femur may not
impact APFD or APD, it does affect AFO and PFO, which, in
turn, influences the degree of overstuffing. Consequently,
a comprehensive evaluation may require a combination
of all four measurements we have discussed in our paper
or other relevant variations. Methods that used ratios to
help eliminate magnification variables may be superior,
as well (34). Nevertheless, there is no gold standard for
quantification method nor the parameters that define PF)
overstuffing, and this will need to be established before
more definitive research on the effects of PF] overstuffing
can be produced.

Limitations

Aswith many surgical treatments, numerous unrecognized
variables may have affected outcomes, including, but not
limited to: multiple surgeons, multiple implants, ceiling
effect of patient-reported outcomes, PF| overstuffing
quantification methods, statistical analysis, rehabilitation
protocol, observer bias, and patient comorbidities. All the
studies included had at least 1 year of follow up, but this is
relatively short in the expected lifetime of a TKA. Variables
such as increased contact forces that could lead to early
implant failure would need to be followed for a much
longer time. Included papers were published from 1991
to 2019 in 4 different countries, so techniques, implants,
and patient population likely differed greatly between
the studies. In terms of quality, the majority of included
studies are considered lower quality by the MINORS tool
(36). There is a large amount of heterogeneity within
the included studies and this is generally considered
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a limitation. In this series, all papers arrive at similar
conclusions, which may indicate generalizable application
of the findings to the population of patients and surgeons.

Conclusion

PFJ overstuffing can be defined as any amount of increase
in APD, APFD, AFO, and PFO with no gold standard
measurement technique identified to quantify this. On
average, the amount of overstuffing that takes place
seems to be relatively small and well beneath the amount
required to manifest as significant differences in clinical
outcome. Nevertheless, it is recommended to recreate
the anatomic dimensions of the PFJ, as this will likely keep
the surgeon within a safe margin of error. The kinematics
of the PF] are complex and various other factors may
contribute to PF) dysfunction and pain. Caution should
be exercised when attributing AKP and dysfunction to PF|
overstuffing alone, or at all.
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