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Article 
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Abstract: Patellofemoral pain (PFP) is considered a risk factor for knee osteoarthritis (OA) onset. The 
purpose of this study was to compare degenerative biomarkers in females with and without PFP and 
to determine changes in these levels, along with pain and function, over 6 months. All subjects 
received a knee x-ray to ensure that none had degenerative changes. Urine and serum were collected 
and analyzed for C-telopeptide fragments of type II collagen (CTX-II) and C-propeptide II (CP-II) 
and expressed as a cartilage degradation: cartilage synthesis ratio (CTX-II:CP-II). Subjects with PFP 
rated pain using a 10-cm visual analog scale and function using the Knee injury and Osteoarthritis 
Outcome Scores-Patellofemoral (KOOS-PF). Subjects with PFP were tested at baseline and 6 months. 
Females with PFP had higher levels of CTX-II:CP-II than controls (p < 0.001) that remained elevated 
at 6 months (p = 0.82). Females with PFP reported similar pain (p = 0.30) but higher function at 6 
months (p = 0.002). However, the 9.0-change in KOOS-PF did not exceed the minimum important 
change. Females with PFP, but no evident structural changes, have elevated biomarkers than 
controls. This finding suggests that this cohort may have excessive cartilage turnover that may 
contribute to knee OA. 
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1. Introduction 

Patellofemoral pain (PFP) is one of the most common, yet difficult, knee problems to manage. 
While the exact number of individuals with PFP is unknown, estimates have ranged from 25% to as 
high as 45% of knee pain complaints [1,2]. Researchers believe that PFP may be a precursor to knee 
osteoarthritis (OA) [3–5]. PFP and knee OA have similar features and females are more likely than 
males to develop each pathology [2,6]. More concerning is the negative effect that PFP and knee OA 
can have on function, quality of life, physical activity, and mental health [7–11]. 

PFP is a diagnosis made primarily from self-reported pain either around or behind the patella 
during activities that require loading on a flexed knee (e.g., running, jumping, stair ambulation, and 
squatting). More challenging is that radiographs and magnetic resonance imaging (MRI) provide 
little, if any, information regarding degenerative cartilage changes [12,13]. Poole et al. [14] have stated 
that degenerative changes may not become evident for over 20 years. 

Detecting knee degenerative changes typically has focused on anatomic derangements and not 
the underlying molecular pathogenesis [15]. Furthermore, pain and anatomic changes are not 
necessarily associated, especially early in the disease process [16,17]. Understanding the molecular 
causes may help identify early patellofemoral joint degeneration and support early intervention. Lotz 
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et al. [18] have emphasized the importance of biomarkers in preventing and managing knee OA. We 
believe that biomarkers may provide important information regarding PFP as well. 

To date, only 2 studies have examined cartilage degradation biomarkers in individuals with PFP. 
Murphy et al. [19] reported increased levels of serum cartilage oligomeric matrix protein, a biomarker 
indicative of cartilage degradation, in subjects with (n = 18) and without (n = 14) chondromalacia 
patella (another term used to describe PFP). However, Bolgla et al. [20] found no differences in C-
telopeptide fragments of type II collagen (CTX-II) between females with (n = 18) and without (n = 12) 
PFP. Limitations existed with both studies. First, they used a single biomarker that may not be robust 
enough to characterize PFP pathophysiology [21,22]. Second, these works were cross-sectional and 
did not examine changes in biomarker levels over time in those with PFP. Finally, while these works 
examined pain levels, they did not include any reliable, validated patient-reported outcome measures 
related to function and quality of life. 

The purpose of this study was two-fold. The first purpose was to compare a cluster of 
biomarkers between females with and without PFP. The second purpose was to determine changes 
in the biomarker levels, pain, and function/quality of life in females with PFP over a 6-month period. 
We hypothesized the following: 1) females with PFP would have significantly higher biomarker 
levels than controls and 2) females with PFP would continue to have elevated biomarkers levels, pain 
levels, and lower function/quality of life at 6 months. 

2. Materials and Methods 
2.1. Subjects 

An a priori power analysis was calculated using G*Power (v3.1.9.7) [23]. Based on a large effect 
size (d = 0.80), α = 0.05 and β = 0.20, the analysis suggested a minimum of 26 subjects needed to obtain 
statistical power. Subjects were recruited from the greater Augusta, GA area via word-of mouth and 
recruitment flyers. Only females were recruited due to naturally occurring sex differences in the 
biomarkers [24]. Thirty females with PFP and 30 controls participated. Subjects’ age ranged from 18 
to 33 years since the incidence of knee OA is most likely to occur after 40 years [25]. Inclusion and 
exclusion criteria have been described before [26]. Briefly, subjects were recreationally active, defined 
as exercising at least 30 minutes 3 times a week for at least the past 6 months. Subjects with PFP met 
additional criteria regarding their anterior knee pain: a) rated at least a 3 on a 10-cm visual analog 
scale (VAS) during activities of daily living or recreation (e.g., running, walking, squatting, stair 
ambulation) over the previous week, b) insidious onset for at least 4 weeks, c) provoked by at least 3 
of the following: during or after activity, prolonged sitting, stair ambulation, or squatting. None of 
the subjects with PFP had sought rehabilitation either before or during any time of the study. 
Individuals with the following were excluded from study participation: a) previous lower extremity 
surgery or significant injury, b) recurrent patella dislocation or subluxation, c) patella tendon or 
iliotibial band tenderness, and d) hip or lumbar spine referred pain. The most painful knee was tested 
for subjects with PFP [26]; controls used the limb that was determined in a random fashion. Five 
subjects with PFP reported bilateral symptoms. Subjects were enrolled consecutively as they met the 
inclusion criteria and signed an informed consent document approved by the Augusta University 
Institutional Review Board (1480126). All aspects of the study were conducted in accordance with the 
Declaration of Helsinki. 

To ensure that subjects did not have any evident joint degenerative changes to the patellofemoral 
joint, they received an x-ray (sagittal plane and sunrise views) prior to data collection. The 
experienced orthopaedic surgeon (D.M.H.) was blinded to each subject’s group assignment and 
interpreted all images. No subject showed signs of knee (tibiofemoral) or patellofemoral joint 
degradation. 
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2.2. Cartilage Biomarker Sample Collection 

Based on prior works, we assessed a cluster of cartilage biomarkers [21]. CTX-II, a cartilage 
degradation biomarker, has been known to be elevated in individuals with radiographically-defined 
knee OA [21,27]. More importantly, CTX-II levels can decrease with rehabilitation [28,29]. The other 
biomarker, C-propeptide II (CP-II), is a type II synthesis cartilage biomarker shown to be higher in 
those without knee OA [21]. 

2.2.1. Urine Analysis 

Subjects with and without PFP provided an early morning, second void urine sample, which 
was processed and stored at -80˚ C until the time for analysis [28]. All data were deidentified and 
analyzed in duplicate using a commercially available enzyme-linked immunosorbent assay (ELISA) 
based on a mouse monoclonal antibody raised against the EKGPDP sequence of human CTX-II (Urine 
CartiLaps® ELISA (CTX-II); BioVendor, LLC; Asheville, NC, USA). CTX-II was corrected for urinary 
creatinine concentration using the following formula per manufacturer’s instruction: corrected CTX-
II (ng/mmol) = [1000 X Urine CartiLaps (ng/ml)]/ creatinine (mmol/L). Subjects with PFP returned to 
the laboratory for repeat measures 6 months later. 

2.2.2. Serum Analysis 

Blood samples were collected in serum blood collection tubes and placed in a vertical position 
for 30 minutes. Afterward, samples were centrifuged in a swinging bucket rotor at room temperature 
for 20 minutes at 1200 g, in accordance with manufacturer’s instructions. Samples were stored at -80˚ 
C until the time for analysis. All data were deidentified and analyzed in triplicate using a 
commercially available ELISA based on a primary rabbit polyclonal antiserum specific for CP-II (CP-
II ELISA; IBEX Pharmaceuticals; Montreal, QC, CA). CP-II levels were expressed in ng/L. Subjects 
with PFP returned to the laboratory for repeat measures 6 months later. 

2.2.3. Data Reduction 

All CTX-II and CP-II data were log-transformed to minimize the influence of outliers [28]. The 
log transformation process converted CTX-II and CP-II to unitless measures. The biomarkers were 
expressed as a ratio by dividing CTX-II by CP-II (CTX-II:CP-II) [21]. A higher value suggested greater 
cartilage degradation than cartilage synthesis. 

2.3. Pain and Function/Quality of Life 

2.3.1. Pain Measures 

Subjects with PFP used a 10-cm VAS to rate their pain during activity over the previous week. 
Pain during activity over the previous week was used due to its established reliability, 
responsiveness, and validity for those with PFP [30]. The extreme left side of the VAS represented 
“no pain” and the extreme right side represented “worst pain imaginable.” Subjects drew a 
perpendicular line on the VAS to show the position that best described pain during activity over the 
previous week. The distance from the extreme left side of the VAS to the perpendicular line drawn 
by the subject was measured to the nearest 1/10th of a cm and used for statistical analysis. Subjects 
with PFP returned to the laboratory for repeat measures 6 months later. 

2.3.2. Function/Quality of Life Measures 

Subjects with PFP completed the Knee injury and Osteoarthritis Outcome Scores-Patellofemoral 
(KOOS-PF) subscale at baseline and 6 months. The KOOS-PF is an 11-item patient-reported outcome 
measure designed to assess function and quality of life in individuals with PFP [31]. Hoglund et al. 
[32,33] recommend using the KOOS-PF for clinical and research purposes based on its established 
content validity, reliability, and responsiveness. The KOOS-PF is scored on a 0-100 scale. A higher 
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value suggests greater function and quality of life. The minimal important change (MIC) for the 
KOOS-PF is 14.2 points [31]. Subjects with PFP returned to the laboratory for repeat measures 6 
months later. 

2.4. Statistical Analysis 

Means and standards deviations were calculated for all dependent measures. An independent 
t-test was used to compare CTX-II:CP-II levels in females with and without PFP at baseline. A 
separate independent t-test was used to compare the 6-month CTX-II:CP-II levels in females with 
PFP to control levels collected at baseline. Paired t-tests were used to compare baseline and 6-month 
CTX-II:CP-II, VAS, and KOOS-PF values for females with PFP. The level of significance was at the 
0.05 level. All analyses were conducted using IBM SPSS Statistics for Windows, Version 28 (IBM 
Corp, Armonk, NY, USA). 

3. Results 
3.1. Comparison of CTX-II:CP-II in Females with PFP and Controls 

Thirty females with PFP and 30 controls participated; subjects were similar with respect to age, 
mass, and height (Table 1). Females with PFP had CTX-II:CP-II levels that were 69.1% greater than 
controls (mean difference = 0.94; t(58) = 10.1; p < 0.001) (Figure 1). The CTX-II:CP-II values for subjects 
with PFP at 6 months were 67.6% higher than the control’s baseline levels (mean difference 0.92; t(58) 
= 14.6; p < 0.001) (Figure 1). 

Table 1. Means + standard deviation for subject demographics for females with patellofemoral pain (PFP) and 
controls. 

 PFP Controls p-value 
Age, y 22.9 + 2.9 22.6 + 3.3 0.75 

Mass, kg 71.9 + 17.3 65.9 + 16.9 0.19 
Height, cm 168.3 + 7.1 165.9 + 7.2 0.20 

 

* CTX-II:CP-II was significantly lower in controls than subjects with PFP at baseline and 6-month follow up (p < 
0.001). † CTX-II:CP-II was similar in subjects with PFP at baseline and 6-month follow up (p = 0.82) 

Figure 1. Comparison of the ratio of C-telopeptide fragments of type II collagen to C-propeptide II (CTX-II:CP-
II) between controls and subjects with patellofemoral pain (PFP) at baseline and 6 month follow up. Baseline 
levels for controls were compared to 6-month levels for subjects with PFP. 
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3.2. Comparison of CTX-II:CP-II, VAS, and KOOS-PF in Females with PFP at Baseline and 6-Month Follow 
Up 

Thirty females with PFP participated in this part of the study. No difference existed between 
CTX-II:CP-II from baseline to the 6-month follow up (mean difference -0.02; t(29) = .23; p = 0.82) 
(Figure 1). No difference existed in VAS from baseline to the 6-month follow up (mean difference -
0.38; t(29) = 1.1; p = 0.30) (Figure 2). KOOS-PF scores were 15.7% higher at 6 months than baseline 
(mean difference 9.0; t(29) = 3.36; p = 0.002) (Figure 3). 

 

* VAS measures were similar at baseline and 6-month follow up (p = 0.30) 

Figure 2. Comparison of the 10-cm visual analog scale (VAS) measures for average pain over the prior week 
during activity for subjects with patellofemoral pain at baseline and 6-month follow up. 

 

* KOOS-PF scores were lower at baseline compared to 6-month follow up (p = 0.002) 

Figure 3. Comparison of the Knee injury and Osteoarthritis Outcome Scores-Patellofemoral (KOOS-PF) subscale 
points for subjects with patellofemoral pain at baseline and 6-month follow up. 
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4. Discussion 

PFP is a common knee problem believed to be a risk factor for the development of knee OA. A 
challenge is that PFP is diagnosed based on subjective signs and symptoms and imaging provides 
limited information. Cartilage biomarkers may provide important insight because they may detect 
biological changes prior to structural changes being evident with imaging [15]. The current study is 
the first to examine a cluster of degenerative cartilage biomarkers in females with and without PFP. 

4.1. Comparison of CTX-II:CP-II Between Females With and Without PFP at Baseline 

Our results supported the first hypothesis as females with PFP had significantly higher CTX-
II:CP-II levels than controls. This finding was clinically important because it contributes to the current 
body of knowledge that PFP may contribute to knee OA onset [4]. Understanding possible 
degenerative changes has been challenging given the limited usefulness of imaging [12,13]. 
Moreover, degenerative changes can have a lengthy latency period and not be evident for over 20 
years following PFP onset [14]. 

Cibere et al. [21] examined 10 biomarkers in 201 individuals with knee pain. They found that 
individuals with radiographically defined knee OA were 3.4 times more likely to have elevated levels 
of CTX-II:CP-II than those with pain but no degenerative changes. Notably, all subjects in the current 
study had radiographs that showed no signs of degenerative changes; yet those with PFP had 
elevated CTX-II:CP-II levels. This finding suggested that CTX-II:CP-II may detect excessive cartilage 
turnover prior to visible structural changes. 

Our pilot work compared CTX-II levels in those with and without PFP and found no between-
group differences [20]. A limitation of this study was the use of a single biomarker to characterize the 
pathophysiology of a complex knee problem such as PFP. Results from the current study have 
highlighted the importance of using a cluster of biomarkers to identify differences. 

In summary, CTX-II:CP-II may serve as a biomarker that can identify those with PFP who may 
be at higher risk for developing knee OA. However, additional studies are needed to establish 
normative values and determine clinically meaningful elevated values across age and sex. Long-term 
longitudinal studies also are needed to determine changes in CTX-II:CP-II over time in combination 
with MRI changes. 

4.2. Comparison of CTX-II:CP-II, VAS, and Koos-PF Values Between Females with PFP at Baseline and 6 
Months 

A strength of this study was its prospective nature, allowing the ability to assess natural changes 
over time without intervention. Most important was that the females with PFP continued with their 
usual activities. At the end of this period, CTX-II:CP-II levels remained significantly higher than those 
for controls at baseline. This pattern of persistent biomarker elevation may indicate ongoing 
abnormal cartilage metabolism that could lead to joint deterioration. Additional longitudinal studies 
are needed to make this determination. 

Regarding the clinical measures, females with PFP had similar VAS scores at 6 months. This 
finding suggested that symptoms associated with PFP remained relatively stable. Interestingly, these 
subjects had an average 9.0-point increase in the KOOS-PF. While this change was statistically 
significant, it did not exceed the MIC. The MIC, the minimal amount of change deemed meaningful 
to a patient, highlighted an important distinction between statistical significance and clinical 
meaningfulness [34]. In other words, an increase from a statistical standpoint did not necessarily 
translate into a meaningful difference in function and quality of life from the subjects’ perspective. 
The increased KOOS-PF scores suggested that females with PFP experienced subtle increases in 
function without any changes in cartilage degradation biomarker levels and pain. 
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4.3. Clinical Implications 

Our findings are clinically important because they provide additional evidence that PFP is not a 
benign condition but one of ongoing pathology. They suggest that females with PFP and elevated 
biomarkers may have experienced early biological changes that could lead to patellofemoral joint 
degradation. This pattern highlights the importance of early detection and additional information 
regarding prognosis. For example, examining CTX-II:CP-II levels with other clinical measures like 
lower extremity kinematics, strength, and flexibility may help identify females with PFP who may be 
at a higher risk for a poor outcome. Identifying this cohort in a timely manner could lead to early 
rehabilitation that can reduce CTX-II levels [28,29]. 

4.4. Limitations 

This study has limitations that deserve consideration. While a strength of this study was a “wait-
and-see” period, this duration most likely was not sufficient to detect subtle changes. We 
purposefully only included females due to naturally occurring differences in biomarker levels, 
precluding the ability to generalize findings to males with PFP. Although cartilage biomarkers are 
useful for monitoring disease progression, they are only indirect measures. Longitudinal studies are 
needed to simultaneously examine biomarker and structural (via MRI) changes over time. Finally, 
we limited our age range to young adults, and it is unknown if other age ranges, especially 
adolescents, have elevated CTX-II:CP-II levels. 

5. Conclusions 

This study was unique because it was the first to examine a cluster of cartilage degradation 
biomarkers in females with PFP. Study findings show that females with PFP have elevated CTX-
II:CP-II levels than controls and remain elevated at 6 months. Our results have added to current 
evidence suggesting a link between PFP and knee OA onset. This information also highlighted the 
possible use of this biomarker for prognostic purposes. Future works are needed to determine the 
long-term effects that elevated CTX-II:CP-II levels have on joint health and if levels reduce with 
rehabilitation. 
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