
GINGIVAL CREVICULAR FLUID FLOW (VOLUME) AS A BIOMARKER 

OF ORTHODONTIC TOOTH MOVEMENT
HARRISON TRUMAN1, NINA STEVENS2, MAHBOUBE HASHEMINASAB3, SOLALEH AMIRPOUR3, TYLER STARLEY1, MARIE M. TOLAROVA4, MIROSLAV TOLAR4,5

REFERENCES
1. Alansari S, Sangsuwon C, Vongthongleur T, Kwal R, Teo MC, Lee YB. Biological principles behind orthodontic tooth movement. Semin Orthod. 

2015;21(3):151-161. 

2. Alhadlaq AM. Biomarkers of Orthodontic Tooth Movement in Gingival Crevicular Fluid: A Sys- tematic Review. J Contemp Dent Pract 2015;16(7):578-

587.

3. Barbieri G, Solano P, Alarcón JA, Vernal R, Rios-Lugo J, Sanz M, et al. Biochemical markers of bone metabolism in gingival crevicular fluid during 

early orthodontic tooth movement. The Angle Orthodontist. 2013;83(1):63-69. 

4. Brooks PJ, Heckler AF, Wei K, Gong SG. M-CSF accelerates orthodontic tooth movement by targeting preosteoclasts in mice. Angle Orthod.

2011;81:277-83.

5. d'Apuzzo F, Cappabianca S, Ciavarella D, Monsurrò A, Silvestrini-Biavati A, Perillo L. Biomarkers of periodontal tissue remodeling during orthodontic 

tooth movement in mice and men: overview and clinical relevance. ScientificWorldJournal. 2013 Apr 23;2013:105873. doi: 10.1155/2013/105873. 

PMID: 23737704; PMCID: PMC3655650.

6. Kawasaki K, Takahashi T, Yamaguchi M, Kasai K. Effects of Aging on RANKL and OPG Levels in Gingival Crevicular Fluid During Orthodontic Tooth 

Movement. Orthodontics and Craniofacial Research. 2006;9(3):137-142. 

7. Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-level reaction to orthodontic force. Am J Orthod Dentofacial Orthop. 2006;129(4):469.e1-32. 

8. Kumar AA, Saravanan K, Kohila K, Kumar SS. Biomarkers in orthodontic tooth movement. J Pharm Bioall Sci. 2015;7(6):325-330. 

9. Li Y, Jacox LA, Little SH, Ko CC. Orthodontic tooth movement: The biology and clinical implications. Kaohsiung J Med Sci. 2018 Apr;34(4):207-214. 

doi: 10.1016/j.kjms.2018.01.007. Epub 2018 Feb 3. PMID: 29655409.

10. Matsumoto, Mariza & Biguetti, Claudia & Fonseca, Angélica & Saraiva, Patrícia. (2016). Bone Tissue Healing Dynamics: From damage to 

reconstruction.

11. Palmqvist P, Lundberg P, Persson E, Johansson A, Lundgren I, Lie A, et al. Inhibition of hormone and cytokine-stimulated osteoclastogenesis and 

bone resorption by interleukin-4 and interleukin-13 is associated with increased osteoprotegerin and decreased RANKL and RANK in a STAT6-

dependent pathway. Journal of Biological Chemistry. 2006;281(5):2414-29.

12. Proffit WR, Field HW, Sarver DM. (2018). Contemporary orthodontics. St. Louis, Mo: Mosby Elsevier

13. Taddei SR, Queiroz-Junior CM, Moura AP, et al. The effect of CCL3 and CCR1 in bone remodeling induced by mechanical loading during orthodontict

tooth movement in mice. Bone. 2013;52(1):259–267. 

14. Taddei SR, Andrade I, Queiroz-Junior CM, Garlet TP, Garlet GP, Cunha FDQ. Role of CCR2 in orthodontic tooth movement. American Journal of 

Orthodontics and Dentofacial Orthopedics. 2012;414(2):153-160.

15. Teixeira CC, Khoo E, Tran J, et al. Cytokine Expression and Accelerated Tooth Movement. Journal of Dental Research. 2010;89(10):1135-1141. d

OBJECTIVE
Orthodontic tooth movement (OTM) leads to remodeling of the

periodontal ligament, alveolar bone, and gingiva. Tooth movement is

characterized by bone deposition at sites of tension and bone

resorption at pressure sites (Fig. 1). Due to a sterile inflammatory

process in the periodontal ligament (PDL) space, a flow rate of

gingival crevicular fluid (GCF) is increased and its composition is

modified (Fig. 2). Various cell signaling pathways are activated, which

ultimately stimulate PDL turnover, as well as localized bone resorption

and bone deposition (Fig. 3). Processes associated with tooth

movement may also be better understood through the study of the

GCF flow/volume formed in response to such movement. This

information could be used clinically to choose a proper mechanical

loading, to improve and to shorten a period of treatment, or to avoid

adverse consequences, such as root resorption. Our goal is to monitor

changes of GCF flow during orthodontic treatment with Invisalign.

METHODS
Various original studies and systematic reviews were

focused on identification of GCF biomarkers and their

roles during orthodontic treatment. GCF has been

extensively studied because of the simple, quick,

noninvasive nature of its collection and ease of repetitive

sampling from the same site with the help of Periopaper

strips (Oraflow) or micropipettes. GCF is analyzed for the

content of various biochemical markers and its volume.

We collected GCF (IRB #2021-61) into a Periopaper strip

positioned in gingival sulcus for 20 seconds (Fig. 4) and

measured its volume using Periotron 8010 (Oraflow).

RESULTS
Graphs represent the GCF volumes collected from three subjects (Figs. 5, 6, 7). The

curves were grouped in respect to different types of teeth involved.

Three general trends can be seen: the curves for teeth of the same type seem to have

a similar shape, the curves for one type of tooth seem to differ from the curves of

another type, and those curves differed between the three patients.

CONCLUSION
Real-time studies of ongoing processes in periodontal tissues during

orthodontic treatment can lead to a proper choice of mechanical loading,

shortening of treatment, better planning and minimizing adverse

consequences. Our results seem to suggest that GCF volume could be

used as a potential biomarker for such decisions.

However, future research is needed to quantify tooth movement in three-

dimensional PDL space, standardize this movement across teeth of

different sizes, and more accurately quantify response of periodontal

biomarkers in relation to orthodontic force applied during the treatment.
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Figure 1. Coronal section through the root of a premolar being

moved to the left (arrow). This image shows reactions of tissues

in PDL space to application of force. The tension zone (A) is wide,

strings of osteoblasts are visible reflecting proliferation and

migration of osteoblasts, blood vessels are enlarged, the

compression zone (B) is narrow, with packed cells and hardly

visible blood vessels, lacunae formed by osteoclasts are visible in

the alveolar bone, even lacunae in the root surface are seen (C).

(Proffit et al. 2018)

Figure 2 . Inflammatory response of PDL and 

innate immune system to movement of a tooth. 

(Andrade, et al., 2012)

Figure 3. Diagram of bone remodeling. (1) bone that is not

remodeled, (2 on the left side) monocytes are attracted into

the active remodeling zone and differentiate into

osteoclasts, (3) local macrophages digest bone osteoid and

release growth factors that were embedded in it, (4)

pericytes are the source of new osteoblasts that are

triggered by growth factors to proliferate, differentiate and

form a new osteoid (2 on the right side). (Matsumoto et al,

2016).

Figure 4 : Periopaper strip in gingival sulcus
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Figure 5.  GCF volume curves of premolars (4, 12, 13, 20, 29), canines (6, 11, 22) and incisors (24, 26) of patient BM21. Timepoints t0 

(baseline), t1-t2 first aligner, t3-t4 second aligner, t5-t6 third aligner.

Figure 6.  GCF volume curves of premolars (5, 12, 21, 28), canines (6, 11, 22) and incisors (10, 25, 26) of patient BM22. Timepoints 1 

(baseline), 2-3 first aligner, 4-5 second aligner, 6-7 third aligner.

Figure 7. GCF volume curves of premolars (12, 28, 29), canines (6, 11, 22) and incisors (7, 9, 23, 25) of patient BM23. 

Timepoints 1 (baseline), 2-3 first aligner, 4-5 second aligner, 6-7 third aligner.
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