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(MS550).  Briefly, animals were anesthetized and 
positioned with the ultrasound probe parallel to 
the long axis of the tendon, imaging the sagittal 
plane.  The mean color level (average blood flow 
velocity), the fractional area (% area of Doppler 
signal), and the color weighted fractional area 
(weighted average of blood flow velocity/unit 
area) were quantified over the entire tendon 
area.  Results were compared using Student’s 
t-tests with significance set at p � 0.05.

Histological Analysis
After sacrifice, the Achilles tendons were 

dissected and processed using standard 
techniques. Sections were stained with 
hematoxylin-eosin (H&E) and graded by 3 blinded, 
independent graders for cell shape (1 � spindle 
to 3 � round) and cellularity (1 � less cells to 
3 = more cells).  Additionally, sections underwent 
immunohistological staining for CD34, a vascular 
endothelial cell marker, and graded by 3 blinded, 
independent graders for vessel density (1 � 
less dense to 4 � more dense) and vessel size 
(1 � small lumen diameter to 4 � large lumen 
diameter).  Results were compared using Mann-
Whitney t-tests with significance set at p � 0.05.

Results
Ultrasound analysis demonstrated a significant 

decrease in fractional area (Fig1C), mean color 
level (Fig1D), and color weighted fractional 
area (Fig1E) following injury in the aged group.  
Additionally, immunohistochemical evaluation 
(Fig2A,B) demonstrated a significant decrease in 
vessel density (Fig2C), but no change in vessel 
size (Fig2D) following injury in the aged group.  
H&E analysis of cell number and cell shape did 
not demonstrate differences between groups 
(data not shown).

Discussion
Results demonstrate significant changes in 

both blood flow, as shown by the decreased mean 
color level and color weighted fractional area 
measures, as well as vascular structure, as shown 
by the ultrasound fractional area and histological 
vessel density measures. Interestingly, the 
vessel size did not change, suggesting that the 
maturation of vessels that form is similar between 
groups.  This data supports previous human 

Introduction
Aging has significant effects on both 

maintenance of tendon health and tendon 
healing potential after injury1,2.  Clinical 
ultrasound studies have demonstrated reduced 
blood flow in uninjured tendons due to 
aging3,4 and cellular studies have demonstrated 
reduced vascular endothelial cell expansion 
and differentiation potential in tendon cell 
populations harvested from older age groups5. 
This suggests that tendons are subject to changes 
in vasculature that could alter their cellular 
responses, contributing to reduced healing 
capacity in the aged population.  However, how 
aging affects the vascular response to injury in 
tendon is unknown. Therefore, the objective of 
this study is to evaluate the vascular response 
following Achilles tendon injury in adult and 
aged rats using both in vivo ultrasound measures 
of blood flow and ex vivo histological measures 
of vascular structure. We hypothesize that when 
compared to adult rats, aged rats will demonstrate 
a decrease in blood flow parameters, as well as 
a decrease in vascular density following injury. 

Methods

Study Design
Under IACUC approval, 4 adult rats (4-5 

months) and 5 aged rats (14-16 months) were 
used for this study.  All animals underwent a 
bilateral Achilles incisional injury, followed by 
ultrasound imaging (n � 8-9 tendons/group) on 
day 7 post-injury, and sacrifice on the same day for 
histological evaluation (n � 8-9 tendons/group).

Surgical Protocol
Using aseptic technique, a skin incision was 

made on the medial side of the ankle, and the 
Achilles tendon was isolated.  Using a 1.5mm flat 
scalpel blade, an incisional injury was made in the 
center of the tendon width in the mid-substance 
region. The tendon was left unrepaired and the 
skin was sutured closed.  

Color Doppler Imaging
All animals underwent color Doppler imaging 

(Fig1A,B) on day 7 post-injury using the Vevo 
2100 ultrasound system (VisualSonics Inc, 
Toronto) with a 40 MHz linear array transducer 
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using both in vivo measures of blood flow as well as ex vivo 
structural measures of vascularity.  Data suggests that aging 
tendons undergo changes in both vasculature structure and 
function, which can alter cellular responses and healing 
capacity after injury, and could help explain the reduced 
healing potential of the aged population.  
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ultrasound studies3,4, showing decreased blood flow in elderly 
patients in both the uninjured Achilles and supraspinatus 
tendons. Additionally, the reduced vessel density could be 
explained by the decreased cell expansion or differentiation 
potential for vascular endothelial cells previously reported5.  
Future studies will evaluate the effect of vascular modulation 
on healing potential in both aged and adult animals using the 
delivery of pro- and anti-angiogenic factors after injury. 

Significance
This study is the first to evaluate changes in vascular 

response due to aging after tendon injury in an animal model 

Figure 1. Representative color Doppler ultrasound images of (A) adult and (B) aged animals 1 week after injury (tendon ROI outlined in green).  Ultrasound analysis of (C) fractional area, 
(D) mean color level, (E) color weighted fractional area demonstrating decreases in the aged group.

Figure 2. Representative images of (A) adult and (B) aged CD34 immunohistochemical 
staining (brown indicates presence of vascular endothelial cells). (A) Vessel density and 
(B) vessel size of adult and aged animals 1 week after injury.




