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Introduction

. 

• Osteoporosis, a disease characterized by decreased bone mass and overall 

poor bone quality, is drastically underdiagnosed in patients who undergo total 

knee arthroplasty (TKA) to treat knee osteoarthritis (OA) [1].  

• There are numerous consequences for such an underdiagnosis, such as 

increased incidence of fracture, enhanced bone fragility, or even a change in 

the recommended surgical procedure [2,3].

• Currently, the American Academy of Orthopedic Surgeons (AAOS) offers no 

recommendation for measures of bone quality, such as bone mineral density 

(BMD) screenings which can be used to diagnose osteoporosis, on patients 

undergoing TKA [4]. 

• One way in which bone quality of patients can be examined is through 

measuring the levels of circulating proteins that indicate active bone turnover. 

Five bone turnover markers were investigated in this study: Dickkopf-related 

protein 1 (DKK-1), C-terminal telopeptide of Type 1 Collagen (CTX-1), 

Sclerostin (SOST), Osteoprotegerin (OPG), and Osteocalcin (OCN). 

• We hypothesize that poorer outcomes in patients will be associated with 

markers of high bone turnover, or poor bone quality, such as low DKK-1, low 

SOST, high OCN, high CTX-1, and high OPG.

Results Conclusions

Methods

Limitations of Study and Future Directions

Variables Studied
• DKK-1 is a secreted protein inhibitor of the Wnt/β-catenin signaling pathway 

and, thus, inhibits osteoblast differentiation and bone formation. Throughout 

the literature, it has been shown to be negatively correlated with the severity of 

OA and inflammation in patients [5].

• CTX-1 is a protein product of the degradation of type 1 collagen during bone 

resorption by osteoclasts and is a common marker of bone resorption. It is a 

frequently used marker clinically and is often elevated in patients with 

progressive knee OA [6]. 

• SOST is another secreted protein antagonist of the Wnt/β-catenin signaling 

pathway and leads to a decrease in osteoblast differentiation and bone 

formation. Many studies have illustrated a negative correlation between SOST 

and the severity of OA in patients [7].

• OPG is a critical protein in bone homeostasis serving as a decoy receptor for 

RANKL. By binding RANKL, it prevents the activation of osteoclasts and 

leads to a decrease in bone resorption. Most studies have identified OPG levels 

as much higher in patients with OA as compared to healthy control patients [8].

• OCN is a major non-collagen protein of bone produced primarily by 

osteoblasts and is a marker of bone formation. One study illustrated a positive 

correlation between serum OCN levels and the severity of OA [9].

Patient Population (n=40)

Number Average

Age

(years)

Highest Age

(years)

Lowest

Age

(years)

% of Total

White Female 22 69.81818 87 56 55

White Male 5 72.6 87 67 12.5

Black Female 10 66.4 81 50 25

Black Male 3 62.66667 72 50 7.5

# Results were analyzed by Pearson’s Correlation (R), where p < 0.05 was 

deemed significant 

References

• Limited by the non-equal makeup of the sample population utilized 

• Limited by the amount of serum available for each sample patient

• Limited by which patients within the patient population had serum samples as well 

as 90 day KOOS

• Limited by not normalizing patient BMI and other co-factors that may affect levels 

of serum markers

• Continue to increase sample size and power of study

• Expand study to also examine synovial fluid concentrations of each of the five bone 

turnover markers in patients and compare to serum levels of markers 

• Determine if BMD and bone strength prior to TKA correlate with these serum 

turnover markers

• Identify further ex vivo markers of bone quality that may predict high pain after 

surgery and provide new tools for testing patients who fail to receive screening for 

bone health prior to surgery  

• Test for association with other outcomes (ex. Fracture risk) 1 year after surgery 

outcome scores 

• In the past, our group found that bone density was a good predictor of pain and 

outcomes after TKA surgery so possibly increase DEXA scans in patients

• Currently, serum measures of certain bone turnover markers (SOST, DKK-1, 

OCN) studied here are not a good predictor of pain and outcomes after TKA 

surgery.  

• OPG and CTX-1, however, were found to significantly correlate with patient 

pain after TKA.

• Serum levels of OPG significantly correlate with patient race and sex, with 

white males more likely to have high levels and black females more likely to 

have low levels.

Patient Serum 

Collected at time of 

TKA surgery 

Patient Population 

selected (*)

* Criteria for Patient 

Inclusion

• Knee OA diagnosis

• Plentiful serum 

collected for analysis

• 90 day KOOS available

• Random blinded 

selection

KOOS collected at 3 months after 

TKA surgery

• Pain and symptoms

Patient serum 

tested for each of 

the 5 bone turnover 

markers (DKK-1, 

SOST, OPG, OCN, 

CTX-1) using 

ELISA

Correlation analysis 

of bone turnover 

marker serum 

concentrations and 

90 day KOOS as 

well as patient age, 

race, and sex (#)

Figure 1: Pearson’s Correlation analysis with R values 

showing negative or positive correlation. For sex, 1 is female 

and 2 is male. For race, 1 is white and 2 is black. Blue 

represents positive correlation, while red represents negative 

correlation.

Serum OPG concentration vs Patient Race and Sex

Figure 2: Serum concentrations of OPG were found to 

be significantly correlated with patient race and sex (p 

< 0.05). White males were shown to have much higher 

OPG levels, while black females had the lowest levels. 

(* = p < 0.05 one-way ANOVA, # = p < 0.05 Tukey’s 

post hoc test) 

Pain vs. Serum CTX-1 concentration

( R = -0.33, p = 0.05)
Symptoms vs. Serum CTX-1 concentration

( R = -0.35, p = 0.039)
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Figure 3: Higher serum CTX-1 was associated with 

poorer post-TKA outcomes and greater pain. Inverse 

correlation between the serum CTX-1 concentration and 

KOOS pain subscale scores collected at 90 days post-

TKA (n=40).

Figure 4: Higher serum CTX-1 was associated with 

poorer post-TKA outcomes and worse symptoms. 

Inverse correlation between the serum CTX-1 

concentration and KOOS symptom subscale scores 

collected at 90 days post-TKA (n=40)
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Figure 5: Lower serum OPG was associated with poorer 

post-TKA outcomes and greater pain. Positive correlation 

between serum OPG concentration and KOOS pain 

subscale scores collected at 90 days post-TKA (n=40)

Figure 6: Serum OPG was not associated with post-

TKA symptoms (n=40).
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• Osteoporosis, a disease characterized by decreased bone mass and 

overall poor bone quality, is drastically underdiagnosed in patients who 

undergo total knee arthroplasty (TKA) to treat knee osteoarthritis (OA) 

[1].  

• There are numerous consequences for such an underdiagnosis, such as 

increased incidence of fracture, enhanced bone fragility, or even a 

change in the recommended surgical procedure [2,3].

• Currently, the American Academy of Orthopedic Surgeons (AAOS) 

offers no recommendation for measures of bone quality, such as bone 

mineral density (BMD) screenings which can be used to diagnose 

osteoporosis, on patients undergoing TKA [4]. 

• One way in which bone quality of patients can be examined is through 

measuring the levels of circulating proteins that indicate active bone 

turnover. Five bone turnover markers were investigated in this study: 

Dickkopf-related protein 1 (DKK-1), C-terminal telopeptide of Type 1 

Collagen (CTX-1), Sclerostin (SOST), Osteoprotegerin (OPG), and 

Osteocalcin (OCN). 

• We hypothesize that poorer outcomes in patients will be associated with 

markers of high bone turnover, or poor bone quality, such as low DKK-

1, low SOST, high OCN, high CTX-1, and high OPG.

Introduction



Variables Studied

• DKK-1 is a secreted protein inhibitor of the Wnt/β-catenin signaling pathway 

and, thus, inhibits osteoblast differentiation and bone formation. Throughout the 

literature, it has been shown to be negatively correlated with the severity of OA 

and inflammation in patients [5].

• CTX-1 is a protein product of the degradation of type 1 collagen during bone 

resorption by osteoclasts and is a common marker of bone resorption. It is a 

frequently used marker clinically and is often elevated in patients with 

progressive knee OA [6]. 

• SOST is another secreted protein antagonist of the Wnt/β-catenin signaling 

pathway and leads to a decrease in osteoblast differentiation and bone 

formation. Many studies have illustrated a negative correlation between SOST 

and the severity of OA in patients [7].

• OPG is a critical protein in bone homeostasis serving as a decoy receptor for 

RANKL. By binding RANKL, it prevents the activation of osteoclasts and leads 

to a decrease in bone resorption. Most studies have identified OPG levels as 

much higher in patients with OA as compared to healthy control patients [8].

• OCN is a major non-collagen protein of bone produced primarily by osteoblasts 

and is a marker of bone formation. One study illustrated a positive correlation 

between serum OCN levels and the severity of OA [9].



Patient Population (n=40)

Number Average

Age

(years)

Highest

Age

(years)

Lowest

Age

(years)

% of Total

White

Female

22 69.81818 87 56 55

White Male 5 72.6 87 67 12.5

Black

Female

10 66.4 81 50 25

Black Male 3 62.66667 72 50 7.5

Patient Serum 

Collected at time of 

TKA surgery 

* Criteria for Patient 

Inclusion

• Knee OA diagnosis

• Plentiful serum collected 

for analysis

• 90 day KOOS available

• Random blinded selection

Patient Population 

selected (*)

KOOS collected at 3 months after 

TKA surgery

• Pain and symptoms

Patient serum 

tested for each of 

the 5 bone 

turnover markers 

(DKK-1, SOST, 

OPG, OCN, CTX-

1) using ELISA

# Results were analyzed by Pearson’s Correlation (R), where p < 0.05 was 

deemed significant 

Correlation 

analysis of bone 

turnover marker 

serum 

concentrations and 

90 day KOOS as 

well as patient age, 

race, and sex (#)

Methods



Figure 1: Pearson’s Correlation analysis with R values showing negative 

or positive correlation. For sex, 1 is female and 2 is male. For race, 1 is 

white and 2 is black. Blue represents positive correlation, while red 

represents negative correlation.

Results



Pain vs. Serum CTX-1 concentration

( R = -0.33, p = 0.05)

Symptoms vs. Serum CTX-1 concentration

( R = -0.35, p = 0.039)

Low PainLow Pain

High PainHigh Pain

Figure 3: Higher serum CTX-1 was associated with poorer 

post-TKA outcomes and greater pain. Inverse correlation 

between the serum CTX-1 concentration and KOOS pain 

subscale scores collected at 90 days post-TKA (n=40).

Figure 4: Higher serum CTX-1 was associated with poorer 

post-TKA outcomes and worse symptoms. Inverse correlation 

between the serum CTX-1 concentration and KOOS symptom 

subscale scores collected at 90 days post-TKA (n=40)



Figure 5: Lower serum OPG was associated with poorer 

post-TKA outcomes and greater pain. Positive correlation 

between serum OPG concentration and KOOS pain subscale 

scores collected at 90 days post-TKA (n=40)

Figure 6: Serum OPG was not associated with post-TKA 

symptoms (n=40).

Pain vs. Serum OPG concentration

( R = 0.31, p = 0.05)

Symptoms vs. Serum OPG concentration

( R = 0.09, p = 0.57)

Low PainLow Pain

High Pain
High Pain



Figure 2: Serum concentrations of OPG were found to be significantly 

correlated with patient race and sex (p < 0.05). White males were 

shown to have much higher OPG levels, while black females had the 

lowest levels. (* = p < 0.05 one-way ANOVA, # = p < 0.05 Tukey’s 

post hoc test) 

Serum OPG concentration vs Patient Race and Sex



Conclusions

•Currently, serum measures of certain bone turnover 

markers (SOST, DKK-1, OCN) studied here are not a 

good predictor of pain and outcomes after TKA surgery.  

•OPG and CTX-1, however, were found to significantly 

correlate with patient pain after TKA.

•Serum levels of OPG significantly correlate with patient 

race and sex, with white males more likely to have high 

levels and black females more likely to have low levels.



Limitations of Study and Future Directions

• Limited by the non-equal makeup of the sample population utilized 

• Limited by the amount of serum available for each sample patient

• Limited by which patients within the patient population had serum 

samples as well as 90 day KOOS

• Limited by not normalizing patient BMI and other co-factors that may 

affect levels of serum markers

• Continue to increase sample size and power of study

• Expand study to also examine synovial fluid concentrations of each of 

the five bone turnover markers in patients and compare to serum levels of 

markers 

• Determine if BMD and bone strength prior to TKA correlate with these 

serum turnover markers

• Identify further ex vivo markers of bone quality that may predict high 

pain after surgery and provide new tools for testing patients who fail to 

receive screening for bone health prior to surgery  

• Test for association with other outcomes (ex. Fracture risk) 1 year after 

surgery outcome scores 

• In the past, our group found that bone density was a good predictor of 

pain and outcomes after TKA surgery so possibly increase DEXA scans 

in patients



References

1. Bauer, Douglas C. “Screening Tests for Osteoporosis: Too Few for Some, Too Many 

for Others.” Journal of General Internal Medicine 30.12 (2015): 1722-1723. 

2. Final Recommendation Statement: Osteoporosis to Prevent Fractures: Screening -

US Preventive Services Task Force. July 2018.

3. Lee, Dae-Hee, Debabrata Padhy, Soon-Hyuck Lee, Kyung-Wook Nha, Ji-Hun Park, 

and Seung-Beom Han. "Osteoporosis Affects Component Positioning in Computer 

Navigation-assisted Total Knee Arthroplasty." The Knee 19.3 (2012): 203-07.

4. Treatment of Osteoarthritis of the Knee: Evidence Based Guideline 2nd Edition –

American Academy of Orthopedic Surgeons. May 2013.

5. Honsawek, Sittisak, et al. “Dickkopf-1 (Dkk-1) in Plasma and Synovial Fluid Is 

Inversely Correlated with Radiographic Severity of Knee Osteoarthritis Patients.” 

BMC Musculoskeletal Disorders, vol. 11, no. 1, 2010, doi:10.1186/1471-2474-11-257.

6. Shetty S, Kapoor N, Bondu JD, Thomas N, Paul TV. Bone turnover markers: 

Emerging tool in the management of osteoporosis. Indian J Endocrinol Metab. 

2016;20(6):846-852. doi:10.4103/2230-8210.192914

7. Kusu, N., Laurikkala, J., Imanishi, M., Usui, H., Konishi, M., Miyake, A., Thesleff, I., 

Itoh, N. Sclerostin is a novel secreted osteoclast-derived bone morphogenetic protein 

antagonist with unique ligand specificity. J. Biol. Chem.278: 24113-24117, 2003. 

[PubMed: 12702725]

8. Min, Sicong, et al. “Serum Levels of the Bone Turnover Markers Dickkopf-1, 

Osteoprotegerin, and TNF-α in Knee Osteoarthritis Patients.” Clinical Rheumatology, 

vol. 36, no. 10, 2017, pp. 2351–2358., doi:10.1007/s10067-017-3690-x.

9. Tarquini, Chiara, et al. “Comparison of Tissue Transglutaminase 2 and Bone 

Biological Markers Osteocalcin, Osteopontin and Sclerostin Expression in Human 

Osteoporosis and Osteoarthritis.” Amino Acids, vol. 49, no. 3, 2016, pp. 683–693., 

doi:10.1007/s00726-016-2290-4.

Acknowledgements 

Funded by : J. Robert Gladden Orthopedic Society and Orthopedic 

Research and Education Foundation


