




Figure 2: Predictions of inflammatory and wound healing responses to acute phonotrauma in three 
human subjects following spontaneous speech (Subject 3; Panels A-C), voice rest (Subject 1; Panels 
D-F) and resonant voice (Subject 2; Panels G-I). Panels A, D and G are the predicted cytokine 
trajectories of IL-1β. Panels B, E and H are the predicted cytokine trajectories of TNF-α. Panels C, F 
and I are the predicted cytokine trajectories of IL-10. Inflammatory marker concentrations are in 
pg/ml. The grey bars represent the means from the simulated data, and the error bars represent the 
standard deviation from the simulated data. The dark circles represent the input data of the first three 
time-points (baseline, post-loading, 4-hr post treatment) from the human laryngeal secretion data. 
The empty circles represent the validation data at the 24-hr time point from the human laryngeal 
secretion data. B: baseline; PL: post vocal loading; 4hrPRx: following a 4-hr treatment.  Note that 
validation data for Days 2-5 have not yet been generated. 
 

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

200

400

600

800
Subject 3: Spontaneous Speech Subject 1: Voice Rest Subject 2: Resonant Voice

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

5

10

15

20

25

B

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

5

10

15

20

25

B

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

C

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

C

D

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

50

100

150

200

250

300

E

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

50

100

150

200

250

300

E

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

500

F

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

500

F

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

500

G

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

100

200

300

400

500

G

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

5

10

15

20

25

H

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

5

10

15

20

25

H

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

50

100

150

200

250
I

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

50

100

150

200

250
I

IL
-1
β

(p
g/

m
l)

TN
F-
α

(p
g/

m
l)

IL
-1

0 
(p

g/
m

l)

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

200

400

600

800

1000

1200

1400

1600

A

ABM SIMULATION 
INPUT DATA
VALIDATION DATA

B PL 4hr PRxDay 1 Day 2 Day 3 Day 4 Day 5
0

200

400

600

800

1000

1200

1400

1600

A

ABM SIMULATION 
INPUT DATA
VALIDATION DATA

 
REFERENCES: 
1. Verdolini K, Ramig LO (2001) Review: occupational risks for voice problems. Logoped Phoniatr 

Vocol 26: 37-46. 
2. Vodovotz Y (2006) Deciphering the complexity of acute inflammation using mathematical 

models. Immunol Res 36: 237-245. 
3. Clark RAF, editor (1998) The Molecular and Cellular Biology of Wound Repair. New York: 

Plenum Press. 
4. Verdolini K, Li NYK, Branski RC, Rosen CA, Urban EG, et al. (in preparation) The effect of 

targeted vocal exercise on recovery from acute inflammation. 
5. Verdolini K, Rosen CA, Branski RC, Hebda PA (2003) Shifts in biochemical markers associated 

with wound healing in laryngeal secretions following phonotrauma: A preliminary study. 
Annals of Otology, Rhinology, & Laryngology 112: 1021-1025. 

6. Matzinger P (2002) The danger model: a renewed sense of self. Science 296: 301-305. 

 3


