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Abstract

The patella-patellar tendon angle (PPTA) assessing the sagittal patellar tilt was reported to
be related with anterior knee pain. Herein, clinical effect of PPTA in patients with medial
patellar plica (MPP) syndrome, chondromalacia patella, and infrapatellar fat pad (IPFP) syn-
drome, the most common causes of anterior knee pain, was evaluated. In this retrospective
study, 156 patients with anterior knee pain who underwent magnetic resonance imaging
(MRI) and arthroscopic surgery that confirmed isolated MPP syndrome, chondromalacia
patella, or IPFP syndrome from June 2011 to January 2021 were included in the study
group and 118 patients without knee pathology on MRI during the same period were
included in the control group. The PPTA was measured on knee MRI and compared
between the two groups. A receiver operating characteristic (ROC) analysis was used to
evaluate the value of PPTA for predicting the risk of patellofemoral joint disorder. The mean
PPTA was significantly smaller in study group (138.1 £ 4.2°) than control group (142.1 +
4.3%) (p<0.001). However, there was no significant difference in PPTA among the patients
with MPP syndrome, chondromalacia patella, and IPFP syndrome. Furthermore, the ROC
analysis revealed that the area under curve, sensitivity, and specificity for predicting the risk
of patellofemoral joint disorders were 0.696, 70.3% and 57.6%, respectively, at a PPTA cut-
off of 138.3". Therefore, the smaller PPTA may be associated with MPP syndrome, chon-
dromalacia patella, and IPFP syndrome. Furthermore, PPTA could be a predictive factor for
the risk of patellofemoral joint disease in patients with anterior knee pain.

Introduction

Anterior knee pain (AKP) is a common clinical symptom, accounting for 11-17% of physician
visits for knee symptoms, but the diagnosis of AKP is often challenging [1, 2]. Although the

causes of AKP vary, medial patellar plica (MPP) syndrome, chondromalacia patella, and infra-
patellar fat pad (IPFP) syndrome are well-known causes of chronic AKP [3, 4]. MPP syndrome
and IPFP syndrome could be diagnosed based on clinical symptom, physical examination, and

PLOS ONE | https://doi.org/10.1371/journal.pone.0265331

March 17, 2022 1/9


https://orcid.org/0000-0001-7322-2550
https://doi.org/10.1371/journal.pone.0265331
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0265331&domain=pdf&date_stamp=2022-03-17
https://doi.org/10.1371/journal.pone.0265331
https://doi.org/10.1371/journal.pone.0265331
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Clinical feasibility of PPTA in patients with anterior knee pain

Capital Hospital (+82317256476, Seongnam,
South Korea).

Funding: The authors received no specific funding
for this work.

Competing interests: No. The authors have
declared that no competing interests exist.

MRI, but the accurate diagnosis could also require arthroscopic findings [5-8]. Chondromala-
cia patella could be diagnosed accurately on MRI, but it also has been shown to underdiagnose
the grade and size of chondral lesion compared with arthroscopy [9, 10].

In recent studies, sagittal plane tilting deformity of the patellofemoral joint has been
described. Sagittal patellar tilt is assessed by measuring the patella-patellar tendon angle
(PPTA) [3]. Some previous studies reported that patients with MPP syndrome, chondromala-
cia patella, and IPFP syndrome had smaller PPTA than healthy individuals [3, 4]. However,
there is limited published information whether there is a difference in PPTA according to each
different patellofemoral joint disorder. Furthermore, there is no established normal value of
PPTA.

Therefore, the purposes of our study are: 1) to evaluate sagittal patellar tilt in patients with
MPP syndrome, chondromalacia patella, and IPFP syndrome by measuring PPTA; 2) to com-
pare the PPTA values among the patients with different disorders; and 3) to determine the
PPTA cutoff value to predict the risk of patellofemoral joint disease.

Materials and methods
Study population

This single-center retrospective study was approved by the Institutional Review Board of
Armed Forces Capital Hospital with a waiver of informed consent (IRB approval number:
AFCH-20-IRB-030).

From June 2011 to January 2021, patients who underwent knee MRI due to anterior knee
pain (n = 4118) were identified. Among them, patients diagnosed as isolated MPP syndrome,
chondromalacia patella, and IPFP syndrome based on both MRI and arthroscopic findings
were included in the study group (Group A). However, patients with 1) any history of knee
surgery, 2) meniscal pathology, 3) inflammatory arthritis, 4) ligament injury, 4) space occupy-
ing lesion, 5) patellofemoral malalignment in the horizontal plane (patellar tilt or subluxation),
and 6) sagittal plane malpositioning pathology (patella alta or patella baja) were excluded. The
control group (Group B) consisted of patients who complained subjective anterior knee pain,
but had no diagnosed pathology on MRI.

MRI protocol

MRI examinations were performed using 1.5-T (Signa Explorer, GE Healthcare, USA) or
3.0-T (Discovery MR 750w, GE Healthcare, U.S.A.) MR scanners with the unenhanced knee
protocol. The standard protocol of 1.5-T MRI consisted of axial T2-weighted fat saturation
(repetition time (TR)/echo time (TE) 3462/38 ms, 3-mm slice thickness), coronal T1-weighted
(TR/TE 476/6 ms, 3.5-mm slice thickness) and T2-weighted fat saturation (TR/TE 5500/63
ms, 3.5-mm slice thickness), and sagittal proton density-weighted (TR/TE 2200/40 ms,
3.5-mm slice thickness) and T2-weighted fat saturation (TR/TE 2627/41 ms, 3.5-mm slice
thickness) sequences through the entire knee using a 32-channel body coil. The field of view
(FOV) for each sequence was 18 x 18 cm with a 384 x 256 matrix. The protocol of 3.0-T MRI
consisted of axial T2-weighted fat saturation (TR/TE 3424/40 ms, 3-mm slice thickness), coro-
nal T1-weighted (TR/TE 728/8 ms, 3.5-mm slice thickness) and T2-weighted fat saturation
(TR/TE 4162/59 ms, 3.5-mm slice thickness), and sagittal proton density-weighted (TR/TE
2156/41 ms, 3.5-mm slice thickness) and T2-weighted fat saturation (TR/TE 4018/37 ms,
3.5-mm slice thickness) sequences using a 23-channel body coil with a FOV of 18 x 18 cm and
384 x 288 acquisition matrix.
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Image analysis

The PPTA was obtained by measuring the angle between a line connecting the patellar upper
and lower poles and a line from the inferior patella to the tibial tuberosity [3]. To evaluate the
PPTA values in each patient, sagittal proton density-weighted images on MRI were retrospec-
tively and independently reviewed by two radiologists with 6 and 11 years of radiology experi-
ence, respectively, who were blinded to any clinical patient information. Thus, at the time of
measurement, the patients’ grouping was unknown.

Clinical records

Clinical information including age, gender, body mass index (BMI), affected side of knee
(right vs left), and interval periods from the MRI examination to arthroscopic surgery was col-
lected from the electronic medical charts. Subjective pain was evaluated with the use of the
numeric rating scale (NRS) at the time of the clinical visit.

Statistical analysis

Continuous variables are expressed as mean + standard deviation (SD). Continuous variables
were compared by using independent t-tests or one-way analysis of variance, while categorical
variables were compared by using x> or Fisher exact tests.

Intraobserver and interobserver agreement regarding PPTA was evaluated by intraclass
correlation coefficients (ICCs). ICC results were interpreted according to the following crite-
ria: poor (ICC < 0.50), moderate (0.50 < ICC < 0.75), good (0.75 < ICC < 0.90), and excel-
lent (ICC > 0.90) [11]. A receiver operating characteristic (ROC) analysis was conducted to
assess the performance of PPTA for the prediction of the risk of knee patellofemoral joint dis-
order, based on the values of sensitivity, specificity, and area under curve (AUC). The optimal
cut-off value was determined to maximize the sum of sensitivity and specificity.

All statistical analyses were performed with R software (version 3.3.3; R Development Core
Team, R Foundation for Statistical Computing, Vienna, Austria) and p values < 0.05 were con-
sidered statistically significant.

Results
Patients

Between June 2011 and January 2021, a total of 156 patients were included in the study group
(Group A): 86 patients with MPP syndrome, 44 patients with chondromalacia patella, and 26
patients with IPFP syndrome. The control group (Group B) consisted of 118 patients without
any diagnosed knee pathology on MRI. Among the patients in control group, 13 patients
underwent diagnostic arthroscopy following MRI, but also had no diagnosed pathology on
arthroscopic finding.

Patella-patellar tendon angle differences between study and control group

The baseline characteristics of the patients are summarized in Table 1. There was no significant
difference between study group and control group in age (30.1 + 7.8 years vs. 30.2 + 4.1 years,
p =0.911), gender (male: female; 134:22 vs. 106:12, p = 0.328), BMI (21.5 + 2.9 vs. 22.2 £ 2.7,

p = 0.514), affected side of knee (right: left; 87:69 vs. 69:54, p = 0.801), and interval periods
from the MRI examination to arthroscopic surgery (49.2 + 13.7 days vs. 42.7 £ 21.1 days,
p=0.543).
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Table 1. Baseline characteristics of patients.

Group A (n =156) Group B (n=118) P value Total (n = 274)

Age (years)* 30.1+7.8 30.2+4.1 0.911 30.1+6.7
BMI (kg/mz) 21.5+29 222+2.7 0.514 21.8+2.8
Gender, n (%) 0.328

Male 134 (85.9) 106 (89.8) 240 (87.6)

Female 22 (14.1) 12 (10.2) 34 (12.4)
Side, n (%) 0.801

Right 87 (55.8) 64 (54.2) 151 (55.1)

Left 69 (44.2) 54 (45.8) 123 (44.9)
NRS 3.1+0.7 2.0+0.6 < 0.001 26+09
Time interval (days)** 49.2+13.7 42,7 +21.1 0.543 46.3 +14.9
PPTA (%) 138.1 £4.2° 142.1 £4.3° < 0.001 140.0 £ 4.3°

Group A: 156 patients with MPP syndrome (n = 86), chondromalacia patella (n = 44) or IPFP syndrome (n = 26), Group B: 118 patients without any diagnosed knee
pathology

BMI = body mass index, NRS = numeral rating scale, PPTA = patella-patellar tendon angle

*Results of continuous values are expressed as the mean + standard deviation and categorical values are expressed as numbers of patients with percentages

**Time interval: interval periods from the MRI examination to arthroscopic surgery.

https://doi.org/10.1371/journal.pone.0265331.t001

However, the mean NRS was significantly higher in study group than control group
(3.1+0.7vs.2.0 £ 0.6, p < 0.001) and mean value of PPTA was significantly lower in study
group than control group (138.1 +4.2° vs. 142.1 + 4.3°, p < 0.001) (Fig 1).

ROC analysis revealed that PPTA lower than 138.3° represented a potential cutoff value for
the prediction of the risk of knee patellofemoral joint disorder with a sensitivity of 70.3% and a
specificity of 57.6% (AUC 0.696, 95% CI 0.635-0.746, p < 0.001) (Fig 2).

The intraobserver and interobserver agreement for PPTA in all patients including study
and control group was 0.902 (95% CI 0.849-0.955) and 0.816 (95% CI 0.735-0.872),
respectively.

Patella-patellar tendon angle differences among the patients with MPP
syndrome, patellar chondromalacia and IPFP syndrome

Of the 156 patients in study group, 86 patients suffered MPP syndrome, 44 patients suffered

chondromalacia patella, and 26 patients suffered IPFP syndrome (Fig 3). There was no signifi-
cant difference not only in age, gender, BMI, affected side of knee, NRS, interval periods from
the MRI examination to arthroscopic surgery, but also in PPTA (MPP syndrome: 138.1 + 4.3°
vs. Chondromalacia patella: 138.4 + 4.2° vs. IPFP syndrome: 137.6 + 4.3°, p = 0.406) (Table 2).

Discussion

In the present study, sagittal patellar tilt was evaluated in patients with MPP syndrome, chon-
dromalacia patella, and IPFP syndrome by measuring PPTA. This study demonstrated that
PPTA was significantly lower in patients with MPP syndrome, chondromalacia patella, and
IPFP syndrome than in those of control group, which was consistent with the results of previ-
ous studies [3, 4]. However, there was no significant difference in PPTA among the patients in
each disease. Furthermore, ROC analysis revealed that a PPTA < 138.3° could serve as a pre-
dictive factor for patellofemoral joint disorders.

The most known reasons of AKP are trauma and overuse [12, 13], but MPP syndrome,
chondromalacia patella, and IPFP syndrome are well-known conditions that could cause AKP

PLOS ONE | https://doi.org/10.1371/journal.pone.0265331 March 17, 2022 4/9


https://doi.org/10.1371/journal.pone.0265331.t001
https://doi.org/10.1371/journal.pone.0265331

PLOS ONE Clinical feasibility of PPTA in patients with anterior knee pain

Fig 1. Measurements and comparison of patella-patellar tendon angle (PPTA) in patients who complained
anterior knee pain. In study group, measured PPTA on sagittal proton density-weighted images was (a) 138.2° in a
21-year-old man with medial patellar plica syndrome, (b) 138.0° in a 22-year-old man with chondromalacia patella,
and (c) 137.8° in a 21-year-old man with infrapatellar fat pad syndrome. (d) However, in a 22-year-old man with no
abnormality on MRI and diagnostic arthroscopy, the PPTA was 142.1° which was significantly higher than that of
patients in study group.

https://doi.org/10.1371/journal.pone.0265331.g001

[3, 4]. The medial, lateral, superior and inferior synovial plicae are normal structures of the
knee joint, but plica-related AKP is mostly caused by impingement of medial plica. If there are
pathogenic factors including overuse injury, trauma or inflammatory arthropathy, the inflam-
matory reaction causes thick and hardened MPP by fibrosis, resulting entrapment of MPP
between medial femoral condyle and patella, and finally leading to AKP [14, 15]. Infrapatellar
fat pad also undergoes fibrosis or inflammatory hypertrophy as a result of trauma or irritation,
and it causes AKP [6, 7]. In these conditions, combination of smaller PPTA could aggravate
the AKP by supraphysiologic loading on patellofemoral joint. Furthermore, smaller PPTA
itself could be an intrinsic factor for AKP. Some previous studies reported pathologic loading
on patellofemoral joint by smaller PPTA was one of the etiologic factors for chondromalacia
patella [3, 16, 17]. The breakdown and softening of cartilage at the underside of patella, which
is termed chondromalacia patella, leads to AKP when the patella and femur rub together.
Currently, the diagnosis of MPP syndrome and IPFP syndrome is based on medical history
taking, physical examination, MRI findings, and arthroscopic findings. However, there is no
established diagnostic modality for these diseases. Thus, the diagnosis is usually difficult and
diagnostic accuracy may vary according to the clinicians’ experience [14, 15, 18, 19]. There-
fore, the cutoff value of PPTA < 138.3° from this study could be worthwhile in that it could
support more accurate diagnosis of MPP syndrome and IPFP syndrome. In addition, in
patients with chondromalacia patella, it could be a predictive factor that chondromalacia and
AKP may worsen when PPTA is smaller than the cutoff value. However, the sensitivity, speci-
ficity, and AUC of the cutoff value is relatively lower (sensitivity: 70.3%, specificity: 57.6%,
AUC: 0.696) to be used generally. Furthermore, to the best of our knowledge, there was no
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Fig 2. Knee MRI and arthroscopic findings of patients in study group. (a, b) A 21-year-old man with medial patellar plica
(MPP) syndrome showed thickened MPP (arrow) and impingement MPP (asterisk) between medial femoral condyle and patella.
On MRI, the PPTA was 138.2°. (c, d) A 22-year-old man with chondromalacia patella showed contour defects in the cartilage
surface of patella medial facet (arrow) and there was 1.5 x 1.5 cm sized cartilage defect (asterisk) in that area on arthroscopy. The
PPTA was 138.0° in this patient. (e, f) A 21-year-old man with infrapatellar fat pad (IPFP) syndrome showed soft tissue
infiltrations (arrows) at IPFP on MRI and fat tissue hypertrophy (asterisk) on arthroscopy. The PPTA was 137.8".

https://doi.org/10.1371/journal.pone.0265331.g002

previous study to determine the PPTA cutoff value in the disease groups and some previous
studies reported the normal mean PPTA value as 145.1° [3, 20]. Further studies are needed to
determine the normal value and statistically significant cutoff value of PPTA.

There were some limitations in our study. The first was its retrospective design and inher-
ent selection bias, which could have affected the results. Second, the PPTA could be changed at
different knee flexion angles during the MRI examination. However, knee MRI scanning was
performed with knee extension in each patient at our hospital and knee extension would be
maintained during MRI examination considering the knee position. Third, although all 156
patients in study group underwent arthroscopic surgery following MRI, only 13 patients
underwent arthroscopy in control group. For determining the normal value of PPTA, arthro-
scopic confirmation that there was no pathologic finding in the knee joint may be needed. In
this study, there was no specific arthroscopic findings in these 13 patients of control group.
Further study of large sample size with arthroscopic finding may provide the statistically sig-
nificant cutoff value of PPTA in disease group compared with healthy individuals. Finally, a
previous study in patients with chondromalacia patella, PPTA values were compared by classi-
fying the lesion location as superior, middle, and inferior zones. In that study, PPTA was lower
in patients with superior and inferior patella chondromalacia than those in the control group
[3]. However, in our study, the number of patients with chondromalacia patella (n = 44) was
relatively small and most of the patients had chondromalacia at superior and middle zones
(superior, n = 26; middle, n = 16; inferior, n = 2). Thus, chondromalacia location could not be
divided in this study. However, we obtained meaningful results that PPTA was significantly
lower in patients with chondromalacia than in those of control group, but there was no
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Fig 3. Comparison of PPTA between the two groups (study group vs. control group) and receiver operating characteristic (ROC) analysis to assess the performance
of PPTA for the prediction of the risk of knee patellofemoral joint disorder. (a) Box-plot showed mean PPTA was significantly lower in study group than control group
(138.1 £4.2° vs. 142.1 £ 4.3°, p < 0.001). (b) The ROC curve of PPTA for predicting the patellofemoral joint disorder showed the AUC of 0.696 at a cutoff value of 138.3°,

with a sensitivity of 70.3% and a specificity of 57.6%.

https://doi.org/10.1371/journal.pone.0265331.9003

significant difference in PPTA among the patients with chondromalacia patella, MPP syn-
drome, and IPFP syndrome.

In conclusion, the PPTA was significantly lower in patients with MPP syndrome, chondro-
malacia patella, and IPFP syndrome than in those who had AKP, but without diagnosed knee

pathology. However, there was no significant difference in PPTA among the patients with
MPP syndrome, chondromalacia patella, and IPFP syndrome. In addition, the present study

Table 2. Comparison of baseline characteristics of patients in study group.

MPP syndrome (n = 86) Chondromalacia patella (n = 44) IPFP syndrome (n = 26) P value*

Age (years)* 29.2+5.6 31.5+9.1 30.8 £6.6 0.416
BMI (kg/mz) 21429 21.7 £3.0 21.5+£2.7 0.512
Gender, n (%) 0.687

Male 72 (83.7) 39 (88.6) 23 (88.5)

Female 14 (16.3) 5(11.4) 3(11.5)
Side, n (%) 0.209

Right 53 (61.6) 20 (45.5) 14 (53.8)

Left 33 (38.4) 24 (54.5) 12 (46.2)
NRS 3.1+04 3.1+£0.5 32+04 0.151
Time interval (days)** 48.2+13.3 53.3+11.8 454 +17.4 0.231
PPTA (°) 138.1 £ 4.3 138.4+4.2 137.6 £4.3 0.406

BMI = body mass index, MPP = medial patella plica, IPFP = infrapatellar fat pad, NRS = numeral rating scale, PPTA = patella-patellar tendon angle

*Comparison among the three groups (MPP syndrome vs Chondromalacia patella vs IPFP syndrome) was performed with the one-way analysis of variance for

continuous variables and the x2 or Fisher exact test for categorical variables.

“*Time interval: interval periods from the MRI examination to arthroscopic surgery.

https://doi.org/10.1371/journal.pone.0265331.t1002
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showed PPTA smaller than 138.3° could be a predictive factor for patellofemoral joint disorder
in patients with AKP. Therefore, evaluation of sagittal patellar tilt by measuring PPTA could
have clinical value for diagnosis of patellofemoral joint disorder in patients with AKP.

Author Contributions

Conceptualization: Dong Kyu Kim.

Data curation: Taeho Kim, Jin Kyem Kim, Dong Kyu Kim.
Formal analysis: Taeho Kim, Hong Seon Lee, Dong Kyu Kim.
Investigation: Dong Kyu Kim.

Methodology: Dong Kyu Kim.

Project administration: Dong Kyu Kim.

Software: Dong Kyu Kim.

Supervision: Dong Kyu Kim.

Validation: Taeho Kim, Jin Kyem Kim, Hong Seon Lee.
Writing - original draft: Tacho Kim, Jin Kyem Kim, Hong Seon Lee, Dong Kyu Kim.
Writing - review & editing: Dong Kyu Kim.

References

1. Post WR. Anterior knee pain: diagnosis and treatment. JAAOS-Journal of the American Academy of
Orthopaedic Surgeons. 2005; 13(8):534—43. https://doi.org/10.5435/00124635-200512000-00006
PMID: 16330515

2. Flores DV, Mejia Gomez C, Pathria MN. Layered approach to the anterior knee: normal anatomy and
disorders associated with anterior knee pain. RadioGraphics. 2018; 38(7):2069—-101. https://doi.org/10.
1148/rg.2018180048 PMID: 30422763

3. Aksahin E, Aktekin CN, Kocadal O, Duran S, Gunay C, Kaya D, et al. Sagittal plane tilting deformity of
the patellofemoral joint: a new concept in patients with chondromalacia patella. Knee Surgery, Sports
Traumatology, Arthroscopy. 2017; 25(10):3038—45. https://doi.org/10.1007/s00167-016-4083-4 PMID:
27034088

4. KimYM, Joo YB, Lee WY, Park IY, Park YC. Patella-patellar tendon angle decreases in patients with
infrapatellar fat pad syndrome and medial patellar plica syndrome. Knee Surgery, Sports Traumatology,
Arthroscopy. 2020:1-10. https://doi.org/10.1007/s00167-020-05892-y PMID: 32125441

5. Bellary SS, Lynch G, Housman B, Esmaeili E, Gielecki J, Tubbs RS, et al. Medial plica syndrome: a
review of the literature. Clinical Anatomy. 2012; 25(4):423-8. https://doi.org/10.1002/ca.21278 PMID:
22331585

6. Faletti C, De Stefano N, Giudice G, Larciprete M. Knee impingement syndromes. European journal of
radiology. 1998; 27:S60-S9. https://doi.org/10.1016/s0720-048x(98)00044-8 PMID: 9652503

7. Kumar D, Alvand A, Beacon J. Impingement of infrapatellar fat pad (Hoffa’s disease): results of high-
portal arthroscopic resection. Arthroscopy. 2007; 23(11):1180-6. e1. https://doi.org/10.1016/j.arthro.
2007.05.013 PMID: 17986405

8. MagiM, Branca A, Bucca C, Langerame V. Hoffa disease. ltalian journal of orthopaedics and traumatol-
ogy. 1991; 17(2):211-6. PMID: 1797732

9. van Eck CF, Kingston RS, Crues JV, Kharrazi FD. Magnetic resonance imaging for patellofemoral chon-
dromalacia: is there a role for T2 mapping? Orthopaedic journal of sports medicine. 2017; 5
(11):2325967117740554. https://doi.org/10.1177/2325967117740554 PMID: 29204454

10. Merkely G, Hinckel BB, Shah N, Small KM, Lattermann C. Magnetic Resonance Imaging of the Patello-
femoral Articular Cartilage. Patellofemoral Pain, Instability, and Arthritis: Springer; 2020. p. 47-61.

11. Bland JM, Altman D. Statistical methods for assessing agreement between two methods of clinical mea-
surement. Lancet. 1986; 327(8476):307—10. PMID: 2868172

PLOS ONE | https://doi.org/10.1371/journal.pone.0265331 March 17, 2022 8/9


https://doi.org/10.5435/00124635-200512000-00006
http://www.ncbi.nlm.nih.gov/pubmed/16330515
https://doi.org/10.1148/rg.2018180048
https://doi.org/10.1148/rg.2018180048
http://www.ncbi.nlm.nih.gov/pubmed/30422763
https://doi.org/10.1007/s00167-016-4083-4
http://www.ncbi.nlm.nih.gov/pubmed/27034088
https://doi.org/10.1007/s00167-020-05892-y
http://www.ncbi.nlm.nih.gov/pubmed/32125441
https://doi.org/10.1002/ca.21278
http://www.ncbi.nlm.nih.gov/pubmed/22331585
https://doi.org/10.1016/s0720-048x(98)00044-8
http://www.ncbi.nlm.nih.gov/pubmed/9652503
https://doi.org/10.1016/j.arthro.2007.05.013
https://doi.org/10.1016/j.arthro.2007.05.013
http://www.ncbi.nlm.nih.gov/pubmed/17986405
http://www.ncbi.nlm.nih.gov/pubmed/1797732
https://doi.org/10.1177/2325967117740554
http://www.ncbi.nlm.nih.gov/pubmed/29204454
http://www.ncbi.nlm.nih.gov/pubmed/2868172
https://doi.org/10.1371/journal.pone.0265331

PLOS ONE

Clinical feasibility of PPTA in patients with anterior knee pain

12

13.

14.

15.

16.

17.

18.

19.

20.

Fulkerson JP. Diagnosis and treatment of patients with patellofemoral pain. The American journal of
sports medicine. 2002; 30(3):447-56. https://doi.org/10.1177/03635465020300032501 PMID:
12016090

Petersen W, Ellermann A, Gésele-Koppenburg A, Best R, Rembitzki IV, Briggemann G-P, et al. Patel-
lofemoral pain syndrome. Knee surgery, sports traumatology, arthroscopy 2014; 22(10):2264-74.
https://doi.org/10.1007/s00167-013-2759-6 PMID: 24221245

Kim Y-M, Joo Y-B. Arthroscopic treatment of infrapatellar fat pad impingement between the patella and
femoral trochlea: comparison of the clinical outcomes of partial and subtotal resection. Knee surgery &
related research. 2019; 31(1):54. https://doi.org/10.5792/ksrr.18.026 PMID: 30871293

Lee PYF, Nixion A, Chandratreya A, Murray JM. Synovial plica syndrome of the knee: a commonly over-
looked cause of anterior knee pain. The Surgery Journal. 2017; 3(1):e9. https://doi.org/10.1055/s-0037-
1598047 PMID: 28825013

Farrokhi S, Keyak J, Powers C. Individuals with patellofemoral pain exhibit greater patellofemoral joint
stress: a finite element analysis study. Osteoarthritis and Cartilage. 2011; 19(3):287-94. https://doi.org/
10.1016/j.joca.2010.12.001 PMID: 21172445

Vasiliadis HS, Lindahl A, Georgoulis AD, Peterson L. Malalignment and cartilage lesions in the patello-
femoral joint treated with autologous chondrocyte implantation. Knee Surgery, Sports Traumatology,
Arthroscopy. 2011; 19(3):452-7. https://doi.org/10.1007/s00167-010-1267-1 PMID: 20845030

Kim S-J, Jeong J-H, Cheon Y-M, Ryu S-W. MPP test in the diagnosis of medial patellar plica syndrome.
Arthroscopy: The Journal of Arthroscopic & Related Surgery. 2004; 20(10):1101-3.

Stubbings N, Smith T. Diagnostic test accuracy of clinical and radiological assessments for medial
patella plica syndrome: a systematic review and meta-analysis. The knee. 2014; 21(2):486-90. https://
doi.org/10.1016/j.knee.2013.11.001 PMID: 24280039

Aksahin E, Yilmaz S, Karasoy |, Duran S, Yuksel HY, Dogan O, et al. Sagittal patellar tilt and concomi-
tant quadriceps hypotrophy after tibial nailing. Knee Surgery, Sports Traumatology, Arthroscopy. 2016;
24(9):2878-83. https://doi.org/10.1007/s00167-015-3533-8 PMID: 25700676

PLOS ONE | https://doi.org/10.1371/journal.pone.0265331 March 17, 2022 9/9


https://doi.org/10.1177/03635465020300032501
http://www.ncbi.nlm.nih.gov/pubmed/12016090
https://doi.org/10.1007/s00167-013-2759-6
http://www.ncbi.nlm.nih.gov/pubmed/24221245
https://doi.org/10.5792/ksrr.18.026
http://www.ncbi.nlm.nih.gov/pubmed/30871293
https://doi.org/10.1055/s-0037-1598047
https://doi.org/10.1055/s-0037-1598047
http://www.ncbi.nlm.nih.gov/pubmed/28825013
https://doi.org/10.1016/j.joca.2010.12.001
https://doi.org/10.1016/j.joca.2010.12.001
http://www.ncbi.nlm.nih.gov/pubmed/21172445
https://doi.org/10.1007/s00167-010-1267-1
http://www.ncbi.nlm.nih.gov/pubmed/20845030
https://doi.org/10.1016/j.knee.2013.11.001
https://doi.org/10.1016/j.knee.2013.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24280039
https://doi.org/10.1007/s00167-015-3533-8
http://www.ncbi.nlm.nih.gov/pubmed/25700676
https://doi.org/10.1371/journal.pone.0265331

