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INTRODUCTION 

Patellofemoral pain (PFP) is one of the most common complaints encountered by health 

professionals in sports and orthopedic practice, particularly in females.1,5,16 The presumed causes of this 

condition vary,13,36 and include articular cartilage damage,14,15 retinacular tightness,9,10 patellofemoral 

malalignment,23,30 and soft tissue lesions.10 Abnormal patellar mobility, such as decreased or increased 

lateral13,14,33 or medial13,28,31,33 patellar mobility, is also believed to be a possible contributor to PFP. 

Clinically, the patellar gliding test, conducted by manually moving the patella in the medial and 

lateral direction to end range of movement, is commonly used to measure passive patellar mobility.8,22,36 

The test is performed with the knee in full extension and the subject relaxing the lower extremity 

musculature. The Cincinnati Knee Rating System24,26 and the Kolowich (quadrant) method19,25 include 

measurements of patellar mobility using the patellar gliding test. The amount of patellar mobility is 

expressed in millimeters or as a percentage of patellar width; however, it is difficult to accurately and 

objectively determine the amount of patellar mobility, because the assessment is made visually. 

To help determine if patellar mobility is a contributing factor to PFP, a patellofemoral arthrometer 

(PFA) has been developed and its validity determined through comparisons with magnetic resonance 

imaging measurements (intraclass correlation coefficient [ICC], 0.86).27 Intratester (ICC, 0.96 for tester 1 

and 0.97 for tester 2) and intertester (ICC, 0.92) reliability of the device has also been reported.27 Given the 

adequate validity and reliability of the measurements of patellar mobility using the PFA, it appears that this 

instrument could be useful to compare patellar mobility between individuals with and without PFP. The 

objective of this study was to compare passive patellar mobility in female subjects with and without PFP. 

We hypothesized that the females with PFP would have greater lateral patellar mobility than those in the 

control group. We also collected measurement reliability data to add to those previously reported. 
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METHODS 

Subjects 

Reliability study 

For reliability assessment, 30 pain-free individuals, 15 males and 15 females, participated. The 

average ± SD age, height, and body mass index (BMI) of the participants were 29 ± 6 years (male: 29 ± 7 

years, female: 29 ± 5 years), 167 ± 8 cm (male: 173 ± 5 cm, female: 161 ± 4 cm), and 21.2 ± 2.7 kg/m2 

(male: 22.8 ± 2.6 kg/m2, female: 19.5 ± 1.5 kg/m2), respectively. 

  

Patellofemoral pain study 

Forty four female subjects, between the ages of 21 and 41, participated in this study. There were 22 

subjects with a history of PFP (10 with symptoms in 1 knee and 12 with symptoms in both knees). In these 

subjects, diagnosis of PFP was based on the complaint of retropatellar pain that was provoked by activities 

(walking, partial squat, or stair ascent/decent), as assessed in the pain section of the patellofemoral joint 

evaluation scale (Appendix).18,22 The control group consisted of 22 females matched to a subject with PFP 

based on age (±3 years), height (±5%), and BMI (±4%) (Table 1).  

The subjects were all members of the medical staff recruited from Toyohashi Municipal Hospital. 

Prior to participation, all participants were informed as to the nature of the study, and informed consent was 

obtained, as required by the Ethics Committee of the School of Health Sciences, Nagoya University, and 

Toyohashi Municipal Hospital. 

 

Assessment of Patellar Mobility 

Instrumentation 

A modified PFA (Figure 1) was used to assess the amount of passive patellar mobility 

(Matsumoto P&O CO., LTD, Aichi, Japan). Proper fixation was achieved by clamping the device to the 

femoral condyles, and the thigh strap further secured the device to the thigh. The plane adjuster was used to 

position the digital caliper at 90 degrees between the center of the patella and the anterior superior iliac 

spine (ASIS), which are the same landmarks as used for the measurement of the Q-angle11,22 (Figure 2). 
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The location of the ASIS was confirmed by direct palpation, and the location of the center of the patella 

was determined by palpation of the superior, inferior, lateral, and medial borders of the patella. The PFA is 

designed to measure patellar displacement in the frontal plane (lateral and medial translation) from its 

resting position with the knee extended and quadriceps relaxed. 

 

Procedures  

Passive patellar mobility using the PFA was assessed with the participant supine with the knee in 

extension (0 degree) as measured with a standard goniometer and the hip in neutral (0 degree) rotation. The 

lower extremity was extended and maintained in the neutral position by placing a pillow between the 

ankles, and the ankles were strapped to prevent hip rotation. The PFA was clamped to the femoral condyles 

aligned parallel to the table. The digital caliper was positioned at an angle of 90 degrees to the line between 

the center of the patella and the ASIS using the plane adjuster (Figure 2A). Before each subject was 

measured, the amount of force (approximately 80N) to be used to move the patella for testing was 

practiced using a hand-held dynamometer, MicroFET2 (Hoggan Health Industries Inc., West Jordan, UT) 

to enable the examiner “to feel” what it was like to apply an 80N force. For testing, relaxation of the 

musculature was confirmed by palpation of the quadriceps and passively moving the patella in the lateral 

and medial directions.17 To measure lateral patellar mobility, the lateral border of the patella was palpated 

and located with a laser using the adjustable laser module arm, and the digital caliper was zeroed, setting 

this point as the initial position (Figure 2B). Lateral displacement of the patella was then achieved by 

manually pushing the patella laterally (applying approximately 80N of force), at which point the lateral 

border of the patella was again located by sliding the laser module arm on the caliper and reading the 

measurement (Figure 2C). Medial passive patellar mobility was assessed in the same manner except for 

the force application being applying toward the medial direction. All of these procedures for passive 

patellar mobility were performed by the same tester for all subjects. 

 

Reliability Study 

Prior to the PFP study we established the intra and intertester reliability of our lateral and medial 
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passive patellar mobility measurements using 2 investigators (tester 1, tester 2) on 2 separate days (day 1, 

day 2). Prior to data collection, testers 1 and 2 practiced the measurement techniques by assessing 10 

participants. This pre data collection training included the practice and standardization of the amount of 

force applied on the patella by both thumbs, using the hand-held dynamometer. Testers 1 and 2 then 

randomly measured patellar mobility in the same session for each subject. In addition of medial and lateral 

patellar mobility, patellar width was also measured with the PFA, using palpation to identify the location of 

the bony landmarks of the patella. Tester 1 underwent 2 testing sessions at least 2 days apart for intratester 

reliability, and tester 2 assessed the patellar mobility at day 1 for intertester reliability. In all occasions, 3 

measurements were taken, and the final analysis was performed using the mean of the 3 measurements. 

Both investigators were blinded to their own measurements and those of the other tester. 

 

Patellofemoral pain study 

For the PFP study, the same procedure as those used for the reliability study were used to measure 

medial and lateral patellar displacement. Prior to the assessment of patellar mobility, another tester (tester 3) 

evaluated the subjects for age, height, and BMI as well as symptoms by using the patellofemoral joint 

evaluation scale. Then, patellar mobility was assessed by tester 1 who was unaware of the subject's group 

assignment. 

A patellar mobility index (PMI), expressed in %, was calculated by normalizing patellar mobility in 

function of the width of the patella using the following formula: (patellar mobility/ patellar width) ×100. 

This method is a modification of Kolowich’s quadrant method.19 All 3 measurements (lateral and medial 

passive patellar mobility and patellar width) were measured 3 times and the average values were used for 

statistical analysis. 

The absolute values of lateral and medial patellar mobility (lateral patellar displacement and medial 

patellar displacement), patellar mobility balance (lateral minus medial patellar displacement),6 lateral PMI 

(LPMI), and medial PMI (MPMI) were used to compare patellar mobility between the PFP and control 

groups. 

For each person with unilateral PFP, a control subject was matched and the same side knee was 
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used. For each person with bilateral PFP, a side was selected at random, then a member of the control 

group was matched and the same side knee as the one tested for the person with PFP was tested. 

 

Statistical Analysis 

Intratester and intertester reliability of lateral patellar displacement, medial patellar displacement, 

and patellar width obtained with the PFA was assessed using ICC2,3. The standard error of measurement 

(SEM) was calculated using the following equation: SEM= SD [√1 - ICC].3 

Differences in patellar mobility between the individuals in the control and PFP groups were 

compared using unpaired t-tests. Significance was set at P<.05. Our arbitrarily set range of normal patellar 

mobility was established using the mean ± 2SD (which encompassed 95.45% of a normal distribution), 

using the data from the control group.29 In addition, distribution of the data was illustrated using scatter 

plots. All statistical analyses were performed with SPSS statistical software (Version10.0, SPSS Inc., 

Chicago, IL). 
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RESULTS 

Reliability study 

The ICCs for intratester and intertester reliability of lateral and medial patellar displacement 

measurements varied from 0.80 to 0.97, and the SEM of all measurements ranged from 0.63 to 1.10 mm 

(Table 2). The ICCs for intratester and intertester reliability of patellar width measurements was 0.97 and 

0.94, and the SEM was 0.72 and 1.09 mm, respectively (Table 2). 

 

Patellofemoral pain study 

The mean ± SD score on the patellofemoral joint evaluation scale for those with PFP was 86.5 ± 10.3 

(range: 58 - 95). The patellar mobility values were not significantly different between the individuals in the 

PFP group and the control group (Table 3). When normal patellar mobility was arbitrarily defined as the 

average ± 2SD based on the data from the control group, normal lateral patellar displacement was within a 

range of 7.2 to 17.6 mm and normal medial patellar displacement was within a range of 6.8 to 14.0 mm. 

Using the same criterion, normal range of patellar mobility balance was from -3.2 to 6.8 mm, and the normal 

range of LPMI and MPMI was from 12.9 to 36.9 % and from 12.8 to 28.8 %, respectively. 
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DISCUSSION 

The primary findings of this study were that there were no significant differences in patellar 

mobility between the individuals in the PFP and control groups for patellar displacement, patellar mobility 

balance, and PMI. Several authors9,10,13,28,31 have reported that tightness of the lateral retinaculum and lateral 

peripatellar soft tissues is one of the causes of PFP, and, in Puniello’s31 research, 82% (14/17) of individuals 

with PFP showed decreased medial patellar mobility using the subjective patellar gliding test related to the 

iliotibial band. Therefore, we expected significantly decreased medial patellar displacement in subjects 

with PFP. Excessive mobility (subluxation) of the patella is also often reported as a factor in PFP, 2,4,12-14,33 

so we assumed that there would be significantly increased lateral patellar mobility in subjects with PFP. 

Our results do not support either excessive or reduced mobility of the patella in a group of females with 

PFP. 

Analysis of the data using group means, ignored the possibility that the group with PFP may have 

consisted of 2 distinct groups, some individuals with excessive mobility of the patella and others with 

restricted patellar mobility. In such scenario, the group average could be similar to the control group, 

masking a greater prevalence of scores at both ends of the spectrum in those with PFP. Figures 3 and 4, 

show the distribution of patellar mobility for both groups. Based on an arbitrarily defined normal range of 

values calculated using the mean ± 2SD of the patellar displacements measured for the individuals in the 

control group, we note that the distribution of the data points are very similar between the 2 groups, with 

only few subjects with PFP falling outside what we considered a normal range of scores. From the results 

of this study, abnormal patellar mobility might not be a factor in female adults with mild symptoms of PFP. 

The range of patellar mobility measured with the knee in extension in healthy populations has been 

described in the literature. Skally et al32 reported that the average manually applied lateral and medial 

patellar displacements were 5.4 mm (range: 3 - 10 mm) and 9.6 mm (range: 4 - 15 mm), respectively. Joshi 

and Heatley17 reported the average amount of lateral patellar displacement in females, when applying a 6 

pound force, was 14.0 ± 1.8 mm, and 8 - 20 mm of lateral patellar displacement was described as the 

“normal“ range of lateral patellar displacement. Our measured normal range of lateral patellar 

displacement, 7.2 - 17.6 mm, was similar to the values reported by Joshi and Heathley.17 
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Our study showed good intratester and intertester reliability of passive patellar displacement and 

patellar width measurements (ICC from 0.80 to 0.97).20,29 The reliability of the patellar gliding test has not 

been reported in the literature, and the intratester and intertester reliability (Kappa coefficient) of other 

manual patellofemoral joint examinations such as the patellar tilt test, patellar pull test, and patellar 

alignment test have been reported to vary from 0.03 to 0.49.7,21,34,35 The PFA appears to provide a more 

reliable measurement of the patellar mobility than general clinical tests. 

The first limitation of this study was that the subjects with PFP had relatively mild symptoms with 

an average score on the patellofemoral joint evaluation scale of 86.5. The second limitation was the limited 

number of subjects in the control group that were used to establish the normal range of patellar mobility. A 

larger group would have provided a more robust estimate of normal mobility range. The third limitation 

was that this method does not consider the initial patellar position in relationship to the trochlear groove. 

Imaging studies (radiographs or magnetic resonance imaging) would be required to determine this initial 

position, which may affect the interpretation of measurements of displacement of the patella.37 The last 

limitation was the amount of force applied. Although the examiners practiced pushing consistently with 

approximately 80N of force, there was no “real-time” quantification of the force applied during testing, but 

the high level of reliability suggests a relatively good ability to apply similar force between days and testers. 

Based on these limitations, future studies should look at larger groups of healthy individuals to determine 

normal patellar mobility for both genders across various age groups. Future work should also further 

investigate if some individuals with PFP or other knee pathologies have abnormal patella mobility. Given 

the reliability of the PFA, we suggest that this instrument could be used to measure changes in patellar 

mobility secondary to interventions. 

While this study focused exclusively on measurements of patellar mobility, we recognize that the 

etiology of PFP is likely multifactorial (hip strength, lower extremity alignment, activity level, etc) and that 

patellar mobility is only one factor that possibly needs consideration.  
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CONCLUSION 

In this study, there were no significant differences in medial and lateral patellar mobility between 

the individuals in the PFP and control groups. The PFA used to make the measurements of medial and 

lateral patellar mobility was shown to be very reliable, and appears to have potential to help in future 

investigations on this topic. 
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TABLE 1. Subject characteristics (Mean ± SD) 

 PFP group Control group 

Age (year)∗ 31.1 ± 4.4 31.3 ± 4.7 

Height (cm)∗ 157.1 ± 4.5 158.8 ± 3.6 

Body mass index (%)∗ 22.8 ± 4.6 21.4 ± 3.8 

∗ indicates no significant differences between groups (n=22 in each group). Abbreviation: PFP: 

patellofemoral pain 
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TABLE 2. Reliability of patellar mobility measurements using a patellofemoral arthrometer (n=30) 

 Intratester  Intertester 

 ICC (95%CI) SEM (mm) ICC (95%CI) SEM (mm) 

LPD (mm) 0.97 (0.93-0.98) 0.66 0.91 (0.79-0.96) 1.10 

MPD (mm) 0.89 (0.77-0.95) 0.63 0.80 (0.58-0.90) 0.98 

P. width (mm) 0.97 (0.93-0.99) 0.72 0.94 (0.80-0.98) 1.09 

Abbreviations: LPD, Lateral patellar displacement; MPD, Medial patellar displacement; P. width, Patellar 

width; ICC, Intraclass correlation coefficient; CI, Confidence interval; SEM, Standard error of 

measurement.
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TABLE 3. Descriptive data (mean ± SD) for patellar mobility 

Patellar 

mobility 
PFP group Control group p-value 

LPD (mm) 10.9 ± 3.0 12.4 ± 2.6 0.08 

MPD (mm) 10.0 ± 2.6 10.4 ± 1.8 0.57 

PMB (mm) 0.9 ± 3.2 1.8 ± 2.5 0.19 

LPMI (%) 21.7 ± 6.5 24.9 ± 6.0 0.10 

MPMI (%) 20.0 ± 5.4 20.8 ± 4.0 0.54 

Abbreviations: LPD, Lateral patellar displacement; MPD, Medial patellar displacement; PMB, Patellar 

mobility balance (lateral minus medial displacement); LPMI, Lateral patellar mobility index ([LPD/ 

patellar width]×100); MPMI, Medial patellar mobility index ([MPD/ patellar width]×100). 
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Figure 1. Components of patellofemoral arthrometer. 1: Base, 2: Digital caliper (Absolute Digimatic 

Caliper 500-151, resolution: 0.01mm, accuracy: ±0.02mm, Mitsutoyo Co., Kanagawa, Japan), 3: 

Adjustable laser module arm, 4: Plane adjuster, 5: Clamping mechanism, 6: Thigh strap, 7: Dry battery 

box. 
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Figure 2A. The plane adjuster allows the digital caliper to lie at a 90-degree angle to the line between the 

center of the patella and the anterior superior iliac spine. 
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Figure 2B. The patellar border was palpated and lasered by the adjustable laser module arm, and the 

digital caliper was calibrated to 0 mm as the initial position. 
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Figure 2C. After manual displacement of the patella, the patella border was again lasered by sliding the laser 

module arm on the caliper, and patellar mobility was measured. 
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Figure 3. Scatter graph of patellar displacement in patellofemoral pain (PFP) and control groups. 

Normal range of values for lateral (lines A and B) and medial (lines C and D) patellar displacement based 

on the mean ± 2 SD for the control group.  
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Figure 4. Scatter graph of the patellar mobility index in patellofemoral pain (PFP) and control 

groups. Normal range of values for lateral (lines A and B) and medial (lines C and D) patellar 

displacement based on the mean ± 2 SD for the control group. 
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Appendix 

Patellofemoral Joint Evaluation Scale20,23 
 Points  Points

Limp 

  None 

  Slight or episodic 

  Severe 

Assistive devices 

  None 

  Cane or brace 

  Unable to bear weight 

Stair climbing 

  No problem 

  Slight impairment 

  Very slowly 

  One step at a time, 

always same leg first 

Unable 

Crepitation 

  None 

  Annoying 

  Limits activities 

  Severe 

 

5 

3 

0 

 

5 

3 

0 

 

20 

15 

10 

5 

 

0 

 

5 

3 

2 

0 

Inability, “giving way” 

  Never 

  Occasionally with vigorous activities 

  Frequently with vigorous activities 

  Occasionally with daily activities 

  Frequently with daily activities 

  Every day 

Swelling 

  None 

  After vigorous activities only 

  After walking or mild activities 

  Constant 

Pain 

  None 

  Occasionally with vigorous activities 
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to moderate rest pain 
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Excellent results 90-100 points, good 80-89, fair 60-79, and poor < 60points. 
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Comparison of Patellar Mobility in Female Adults With and Without Patellofemoral Pain 

（膝蓋大腿関節痛を有する成人女性の膝蓋骨可動性について） 

 

名古屋大学大学院医学系研究科 

リハビリテーション療法学専攻理学療法学分野 

太田 進 (指導：河村守雄) 

 

【目的】 成人女性を対象に膝蓋大腿関節痛を有する症例と疼痛を有しない健常者の膝蓋骨可動性を比較し、

膝蓋大腿関節症症例における膝蓋骨可動性の特徴を検討することを目的とした。 

【背景】 膝蓋骨可動性の異常はその原因の一つとされているが、現在それを証明する報告は十分にはなされ

ていない。これは、信頼性のある臨床的な膝蓋骨可動性計測方法が確立しておらず、客観的に膝蓋骨の異常可

動性が確立されていないことに由来する。 

【方法】 対象は健常女性22名22膝(コントロール群)と膝蓋大腿関節痛を有する成人女性22名22膝（PFP: 

patellofemoral pain群）とした。PFP群に対応するコントロール群は、年齢（±３歳）、身長（±5%）、BMI

（±4%）をあわせた。膝蓋骨可動性計測には定量的に計測可能な特別な計測器を用いた。内側・外側膝蓋骨

可動距離、膝蓋骨可動性のバランス（外側－内側膝蓋骨可動距離）、内側及び外側膝蓋骨可動距離を膝蓋骨幅

で除した指標を用いた。 

【結果】 両群間で膝蓋骨可動性に関する計測値には有意な差が認められなかった。膝蓋骨可動性の正常範囲

をコントロール群の平均±２SDとすると、外側膝蓋骨可動距離は7.2±17.6ｍｍであり、内側膝蓋骨可動距

離は6.8±14.0ｍｍであった。本膝蓋骨可動距離計測方法の検者内、検者間の級内相関係数は、0.80から0.97

であった。 

【結語】 膝蓋大腿関節痛の有無により有意な膝蓋骨可動性の差は認められなかったが、本研究で仮定した正

常範囲を逸脱した症例がPFP群に散見され、PFPにおいて各症例で異なる膝蓋骨可動性の特徴があることが

示唆された。 

 
 




