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Summary
Introduction: Achilles tendon (AT) rupture exhibits a prolonged healing process with varying
clinical outcome. Reduced blood flow to the AT
has been considered an underlying factor to AT
rupture (ATR) and impaired healing. In vivo measurements using laser Doppler flowmetry (LDF)
may be a viable method to assess blood flow in
healthy and healing AT.
Methods: 29 persons were included in the study;
9 being ATR patients and 20 healthy subjects
without any prior symptoms from the AT. Invasive
LDF was used to determine the post-occlusive reactive hyperemia (PORH) in the paratenon after 15
minutes of occlusion of the lower extremities.
ATR patients were examined two weeks post-operatively.
Results: LDF-assessments demonstrated a significantly different (p < 0.001) PORH response in the
healing- versus intact- and control AT. In the healing
AT, a slow, flattened PORH was observed compared
to a fast, high peak PORH in intact, healthy AT.
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Conclusion: in vivo LDF appears to be a feasible
method to assess alterations in blood flow in
healing and intact AT. The healing ATs capability
to react to an ischemic period is clearly impaired,
which may be due to the trauma at injury and/or
surgery or degenerative changes in the tendon.
KEY WORDS: blood flow, circulation, hyperemia, regeneration, rupture, tendon.

Introduction
In patients with acute Achilles tendon (AT) rupture
the time until healing is protracted, associated with a
high degree of complications and variable outcome1-3.
This may be due partly to a sparse blood circulation
during AT healing of the immobilized limb4.
The blood supply of the AT originates both from the
intrinsic proximal muscle-tendon junction and distal
bone insertion and from the extrinsic system, which
delivers blood along the length of the tendon through
the paratenon5. Several studies have shown the extrinsic system to play a more prominent role in the
blood supply of the human AT5-8. Still, however, the
in vivo AT extrinsic microcirculation remains largely
unknown both in healthy and healing AT patients.
Microcirculation can be assessed using established
methodology, e.g. Laser Doppler flowmetry (LDF)9, 10.
LDF calculates blood flow by measuring the shift in
light frequency, i.e. Doppler shift, which occurs when
a transmitted laser beam hits moving red blood
cells11. Reproducible LDF-data can be established by
quantifying rapid changes in perfusion, during certain
standardized events 9, 11, 12, for example post occlusive reactive hyperemia (PORH). This method is
widely used and suitable for determining deficiencies
in limb microcirculation 12. To our knowledge, there
have been no studies using invasive LDF combined
with PORH-methodology in order to establish the extrinsic blood flow in the paratenon in neither the
healthy nor the healing AT.
An earlier study on experimental Achilles tendon rupture indicated that the blood flow to the tendon was
not still restored at two weeks after injury 13. In this
study we hypothesized that the microcirculatory blood
flow in the Achilles paratenon could be accurately assessed using invasive LDF and that the blood flow
would be altered during early human Achilles tendon
repair as compared to a healthy Achilles tendon.
Moreover we hypothesized that the contralateral
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Achilles tendon to the ruptured may exhibit an altered
microcirculatory blood flow as compared to a healthy
Achilles tendon.
To answer these questions microcirculatory blood
flow in the Achilles paratenon was assessed with invasive LDF combined with PORH-methodology bilaterally on patients at 2 weeks post-operative Achilles
tendon rupture (ATR) and on healthy controls.

Material and methods

were excluded due to motion artefacts during the examination. All eligible subjects received standardized
verbal and written information about the trial, and
gave written informed consent to participate in the
study. The present study was conducted with approval by the Regional Ethical Review Committee
and conforms with the ethical standards of the journal15.
The patients with ATR, age 36.6 (25-44), were significantly older than the healthy volunteers, age 27.1
(22-43). There was also a near significant difference
in gender between the two groups (p=0.066) (Tab. 1).

Patients
Forty-one patients were eligible for inclusion and
twenty-nine of these patients (9 with ATR and 20
healthy volunteers) were included in this experimental
study (Fig. 1).
Patients between 18-75 years with acute unilateral
ATR, operated on within 72 hours were recruited from
a larger study at the Hospital (Clinicaltrials.gov ID
NCT01317160) that examined the prevalence and
prevention of DVT after ATR, which has been published14. Recruitment was executed between January
and June 2012. The following exclusion criteria were
applied: inability to give consent for participation, ongoing treatment with anticoagulants, known allergy to
contrast media, planned follow-up at another hospital,
inability to follow instructions, known renal insufficiency, heart failure with pitting edema, thrombophlebitis,
thromboembolic disease during the last 3 months,
surgery during the last month, known malignancy, hemophiliacs, pregnancy, treatment with high dosage of
aspirin or unwillingness to participate in the study.
Twenty healthy subjects, with no history of AT pathology were recruited. The same exclusion criteria were
applied for the healthy volunteers as for the patients.
Totally 41 persons were included in the study. Of
these, 20 were healthy subjects and 21 were patients
with ATR. Twelve of the patients were excluded from
the LDF-study, due to declining participation (n = 4)
or DVT (n = 8) (Fig. 1). Three of healthy subjects

Surgical procedure and post-operative treatment
protocol
The surgical procedure was performed under local
anaesthesia (Marcain 5 mg/ml with adrenaline), without the use of a tourniquet. A longitudinal 5-10 cm
medial skin incision was made and the paratenon
was incised on the midline. The tendon stumps were
end-to-end sutured using modified Kessler suture
technique with two 1-0 polydioxanone (PDS II) sutures. Thereafter, the paratenon and fascia cruris
were separately sutured using 3-0 vicryl, and the skin
was closed with 3-0 ethilon. All sutures were supplied
by Ethicon, Somerville, NJ, USA. After completion of
surgery, patients were randomly assigned by computer-generated random numbers in permuted blocks of
4 to undergo either standard plaster cast treatment
alone or plaster cast treatment with adjuvant calf intermittent pneumatic compression (IPC) treatment
beneath an orthotic device. Patients in the IPC group
(n = 5) received two weeks of 6 hours daily bilateral
calf IPC (Venaflow Elite, DJO, Vista, California,
USA). As the IPC-device cycles, the distal chamber
inflates to 73 mm Hg over a 0.5-second period. During the last 0.2 second of this period, the proximal
chamber inflates to 63 mm Hg and then settles at 45
mm Hg. After six seconds of inflation the cuff deflates, and the cycle is repeated every minute. The
patients were instructed to apply the intermittent

Figure 1. Enrolment. Overview of the
study group of patients with Achilles
tendon rupture and healthy volunteers.
Abbreviations: DVT = deep vein thrombosis.
Excluded (n = 8)
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Table 1. Characteristics of the study population.
Variable

Patients (n = 9)

Healthy subjects (n = 20)

p-value

Mean age (yrs) (range)

36.6 (25 - 44)

27.1 (22 - 43)

0.001*

Male (n, %)

9 (100)

13 (65)

0.066 †

* : Independent samples test
† : Fishers exact test

pneumatic compression therapy during the time they
were sedentary, i.e. sitting or lying in bed sleeping, 6
hours at a minimum daily. Patient compliance was
registered by the patient and by the device. Intermittent pneumatic compression treatment was discontinued two weeks post-operatively.
The control group (n = 4) received a below-knee plaster cast with the ankle in 30 degrees equinus position
in the outpatient clinic shortly after the completion of
surgery, and were instructed to be non-weight bearing with crutches during the first two weeks. This is
the current standard procedure used in our department and this was chosen to standardize the plaster
cast application.
All patients were prescribed paracetamol 500 mg/
codeine 30 mg to cope with the post-operative pain.
No pharmacological anti-inflammatory or thromboprophylactic drugs were given to the patients post-operatively.
Laser Doppler Flow (LDF)
Two weeks post-surgery the blood flow in the tendon
was evaluated with LDF. Before the LDF examination
all patients were screened for DVT in the operated
leg by unilateral color duplex sonography (CDS) using a Philips CX 50 (Philips Medical Systems, Andover, MA, USA). Patients diagnosed with deep vein
thrombosis were excluded from the LDF study. A
laser Doppler perfusion monitor (PF5010, LDPM Unit,
Perimed AB, Järfälla, Sweden) with an invasive needle probe (Probe 402, Perimed AB, Järfälla, Sweden)
was used to record changes in blood flow. The data
obtained was presented as perfusion units (PU). The
instrument was calibrated using the manufacturer’s
aqueous suspension.
All patients and healthy subjects were examined under the same circumstances, i.e. same surrounding
temperature and minimized social interaction. The
patients and subjects were placed on a gurney in
prone position with their legs fully relaxed. Tourniquets were placed on each calf immediately below
the knee. Local anaesthetic without adrenaline (Xylocain®, Astra Zeneca, 10 mg/ml) was injected on the
lateral side of each heel. Under ultrasound guidance
(CX50 Ultrasound system, Philips, Netherlands), a radiologist introduced a 22-gauge catheter, 2 cm proximal to the calcaneus bone, into the peritendinous
space 1-2 mm ventral to the Achilles tendon. The
blood flow in the paratenon has been shown to reflect
the supply to the tendons and also the intratendinous
blood flow, therefore measurements were performed
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with the probes placed in the paratenon16. Thereafter
the laser Doppler probes were inserted into the lumen
of the catheters and the catheters were fixed using
Tegaderm (3M, Minnesota, USA). After these procedures a baseline registration of the blood flow was
performed during at least 10 minutes. After the baseline registration the tourniquet was simultaneously inflated to 300 mm Hg to obtain supra-systolic pressure, thereby inducing a vascular occlusion. Vascular
occlusion was kept for 15 minutes, thereafter the postocclusive reactive hyperemia (PORH) was recorded
during 15 minutes12.
The data was automatically stored in a Windowsbased software (PeriSoft © Version 2.5.5, Perimed,
Järfälla, Sweden). The data was stored as 32 data
points per second and mean value of every second
was exported to Microsoft Excel© (Version 2007). The
resting flux (RF) and biological zero (BZ) were calculated by extracting the median value during the
longest artifact free and representative part of the
baseline and occlusion17. To calculate the maximum
flux (MF), the time to resting flux (t RF), the time to
maximum flux (t MF ) and the time to half recovery
(t HR), during PORH, the data was smoothed with a
21s- moving average. The protocol for the data management was based on previous findings by Morales
et al. (2005). All parameters are presented in Table 2.
The time variables tRF, tMF, tHR as well as the ratio between MF and RF have all demonstrated significant
differences between patients with peripheral arterial
obstructive disease and healthy controls12. Thus, peripheral arterial obstructive disease demonstrate
longer time variables and lower ratio of MF/RF.
Since the PORH in the healing AT from patients with
post-operative adjuvant intermittent pneumatic compression and standard plaster cast treatment did not
exhibit any significant differences (p>0.05) the data
from these patients have been pooled and the results
will be presented as PORH in the ruptured, healing AT.

Statistics
All data were presented as mean values, standard error mean (SEM) and standard deviation. Repeated
measures analysis of variance was used for analysis
of all repeated measurements. Differences between
the groups were analysed with the nonparametric
Mann-Whitney U test, and differences between the
injured and intact legs with Wilcox on signed ranks
test. These tests were used since the data was considered skewed. A value of p < 0.05 (two-tailed) was
Muscles, Ligaments and Tendons Journal 2016;6 (1):90-96
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Table 2. Definitions of variables used to study microcirculation.
Variable

Explanation

RF (PU)

Resting flux: the median flux value obtained during baseline

BZ (PU)

Biological zero: the median flux value obtained during occlusion

MF (PU)

Maximum flux: the highest flux value obtained during PORH

t0

Start of PORH

tRF (s)*

Time to resting flux. the time from t0 until RF is reached

tMF (s)*

Time to maximum flux: the time from t0 until MF is reached

tHR (s)*

Time to half recovery: the time from t0 after tMF until MF + RF is reached
2

MF/RF*

Ratio of maximum flux and resting flux

Abbreviations: PU= Perfusion Unit; PORH= Post-occlusive reactive hyperemia.
* These variables have demonstrated significant differences in patients with peripheral arterial obstructive disease.

considered statistically significant. SPSS program
(SPSS, Inc., Chicago, Ill.) was used for statistical
analysis.

significant difference seen in the parameters time to
resting flux (t RF ) (p < 0.001) and maximum flux
(MF)/resting flux (RF) (p < 0.001) (Tab. 3).
PORH in intact, internal control AT

Results
PORH in intact, external control AT
The typical post-occlusive reactive hyperaemic
(PORH) response in the intact, healthy external control AT started with a fast rise in flux value followed
by a quick recovery to baseline (Fig. 2). This response to occlusion was observed in all included intact, healthy ATs.
PORH in ruptured, healing AT
The nature of the PORH response in the healing AT,
at two weeks post rupture, was significantly different
from that of the intact, healthy AT. In contrast to the
fast, high peak flux value after the occlusion observed in the healthy ATs (Fig. 2), a slow, flattened
PORH was observed in the healing AT (Fig. 3). This
difference in PORH was confirmed by the statistical

The PORH response in the healing AT was also significantly different from the contralateral internal control AT. Thus, time to resting flux (t RF ) was in the
healing AT 131.4 s, compared to 17.8 s in the internal
control (p < 0.05). The ratio MF/RF was higher in the
internal controls compared to the healing ATs (p <
0.01) (Tab. 3).
Interestingly, the PORH response in the AT of the intact, internal control leg also demonstrated differences compared to the intact, external control.
Hence, the biological zero was lower in the internal
control AT compared to those of the external controls
(p < 0.05). The ratio MF/RF was higher in the internal control- as compared to the external control ATs
(p < 0.05) (Tab. 3). Moreover, there were more significant differences in PORH response between the
healing AT and the external controls as compared to
differences seen between the healing AT and internal controls.

Figure 2. LDF-measurement on a healthy
AT. The blue line is the signal averaged
over 1 second. The brown line is the 21
second moving median. Abbreviations:
BZ = Biological zero, LDF = Laser
Doppler flowmetry, MF = Maximum flux,
PU = Perfusion units, RF = Resting flux,
t0 = Start of post occlusive reactive hyperemia, tRF = Time to resting flux, tMF =
Time to maximum flux, tHR = Time to half
recovery.
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Figure 3. LDF-measurement on a healing
AT. The blue line is the signal averaged
over 1 second. The brown line is the 21
second moving median. Abbreviations:
AT = Achilles tendon, BZ = Biological zero, LDF = Laser doppler flowmetry, MF =
Maximum flux, PU = Perfusion units, RF
= Resting flux, t0 = Start of post occlusive
reactive hyperemia, tRF = Time to resting
flux, tMF = Time to maximum flux.

Table 3. Laser Doppler Flowmetry data in acute ATR patients and healthy subjects.
ATR patients
(n = 9)

Ruptured
versus
Intact,
internal
control

Healthy subjects
(n = 20)

Ruptured
versus
Intact,
external
control

Intact,
internal
versus
Intact,
external
control

Parameters

Ruptured Std. dev

Intact
Internal
control

Std. dev

P

Intact
External
control

Std. dev

P

P

RF (PU)

95.6

92.1

23.2

11.9

0.08

39.7

33.1

0.06

0.37

BZ (PU)

3.4

0.84

3.8

1.47

0.89

7.3

3.46

0.002*

0.015*

MF (PU)

104.7

93.0

89.2

64.9

0.89

66.5

44.1

0.446

0.49

tRF (s)

131.4

70.2

17.8

15.9

0.043*

24.0

19.0

<0.001*

0.54

tMF (s)

191.6

99.2

125.6

172.5

0.5

92.4

48.1

0.019*

0.54

tHR (s)

17.3

14.6

44.8

14.3

0.14

73.6

28.9

<0.001*

0.062

Ratio MF/RF

1.39

0.5

4.76

3.25

0.008*

2.42

1.19

0.004*

0.049*

* Denotes a statically significant difference. Abbreviations: RF = Resting flux, BZ = Biological zero, MF = Maximum flux, tRF
= time to resting flux, tMF = time to MF, tHR = time to half recovery, PU = Perfusion units, SEM = Standard error mean.

Discussion
This study demonstrated significant differences in microcirculation, assessed as PORH, between ruptured
healing and intact AT. The typical PORH response in
the intact AT started with a fast rise in flux value,
highly over resting flux, followed by a quick recovery
to baseline. Comparing this response with the healing
AT, the difference in character was easily detected by
graphically viewing the data, where PORH response
never reached over resting flux. Such differences in
hyperemic response may suggest a susceptibility to
eg. repetitive trauma.
The observed impairment of the microcirculation in
the ruptured AT as compared to intact AT at two
weeks post-rupture is strengthened by earlier experimental studies. Thus, a study of experimental Achilles tendon ruptures demonstrated at two weeks postinjury 38% lower resting blood flow to the gastrocnemius muscle and concluded that the circulation to the
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tendon is not adequately restored13.
The consistent results, observed as similar PORH response curves in intact versus ruptured AT, obtained
by using invasive LDF together with good reproducibility results from earlier studies 12 suggest that
LDF is a good method for measuring the human microcirculation also in the Achilles tendon. The invasive LDF technique is a highly sensitive method,
which can measure the smallest change in the blood
flow. Combined with the fact that it records in a small
volume, approximately 1 mm 3, makes it a vigorous
method to measure microcirculation. But the high-end
accuracy comes with a precaution as it is vulnerable
to external movement such as tension of the cable,
small body movements, contraction of muscles when
occluding the leg or movement of the probe. However, with a standardized protocol the invasive LDF
method becomes a good and reproducible method for
evaluating the PORH response, as demonstrated previously12.
Muscles, Ligaments and Tendons Journal 2016;6 (1):90-96
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Earlier studies on tendon microcirculation has mainly
focused on non-invasive laser Doppler measurements
demonstrating that microcirculatory blood flow is significantly elevated at the point of pain in insertional and
midportion tendinopathy18. Moreover, it was demonstrated that an eccentric-training program performed
daily over 12 weeks reduced the increased paratendinous capillary blood flow in Achilles tendinopathy19.
Another approach to measure tendon microcirculation
has been attempted by real-time harmonic contrastenhanced ultrasound demonstrating that this method
can detect an increased microvascular volume in
healthy tendon tissue in response to a 1 hour run exercise 20 . Another study using non-invasive laser
Doppler showed no increase in blood flow following
Achilles tendon exercise 21 . Whether invasive LDF
could provide more precise measurement on local
blood is not known. Earlier studies, however, using
invasive intratendinous LDF demonstrated that male
gender, advancing age and mechanical loading of
the tendon are all associated with diminished tendon blood flow9. Moreover Åström9 demonstrated that
degenerative Achilles tendinopathy is associated with
hyperemia.
The difference in PORH between ruptured and intact
AT, observed as prolonged time to resting flux and
decreased ratio of maximum- and resting flux, should
be attributed to the lack of a post-occlusive hyperemic peak during early healing after acute ATR. This
could be due to the fact that the healing tendon is already hyperemic and that the vessels are already fully dilated in the resting state. Therefore, the capability
to further react with increased blood flow following an
ischemic period is reduced. This theory is supported
by histological findings of increased vascularity, edema and is hyperemia in healing rabbit and rat tendons after rupture22. The higher baseline blood flow,
i.e. resting flux, seen in the healing AT in this study,
that nearly reached statistical significance, also points
in this direction.
The observation of a prolonged time to resting flux in
the ruptured AT may also be indicative of an impaired
peripheral arterial flow in ATR patients. This suggestion is strengthened by a study demonstrating that
“time to resting flux” is the best parameter to classify
patients with peripheral arterial obstructive disease12.
Moreover, the findings of a lower ratio of maximumand resting flux in the ruptured AT is also consistent
with the results seen in patients with peripheral arterial obstructive disease12.
This study also noted differences in microcirculation
of the intact tendons between the external- and the
internal controls. Such disparities could partly be due
to microcirculatory changes also on the contralateral
side, similarly as have been noted in fracture healing23. Another explanation may be the age difference
between the groups causing degenerative microcirculatory changes, as has been indicated in earlier studies9, 24, 25. Previous studies have also demonstrated a
higher risk of AT-rupture on the contralateral side of a
ruptured leg and biopsies confirmed degeneration on
the contralateral AT9, 25. It may prove that microcircuMuscles, Ligaments and Tendons Journal 2016;6 (1):90-96

latory LDF-data on Achilles tendons may predict degenerative changes, hypothetically the extrinsic microcirculation may also predict an increased risk for
rupture. However, such conclusions warrant further
studies.
A possible limitation of the study was the fact that the
microcirculatory data from this study were only obtained
from the midportion of the Achilles tendon and thus we
cannot comment on the blood flow in either the bone
tendinous- or musculo-tendinous junction. However an
earlier study demonstrated a lower perfusion at the insertion but otherwise a stable distribution of blood flow
along the Achilles tendon9. It should also be noted that
the external control patients differed regarding age as
compared to the Achilles tendon rupture patients. The
ruptured patient group exhibited a mean age 36.6 years
while the healthy volunteers group had a mean age of
27.1 years. The patients with AT rupture are representative of the population, which is subjected to this type
of injury both in age and sex. The lower age of the
healthy volunteers makes them suitable as external
controls since they are less likely to exhibit tendon degeneration and they demonstrated no history of tendon
pathology.
In conclusion this study demonstrates a feasible methodology to measure the in vivo vascular microcirculation in human Achilles tendon during healthy and
healing conditions. A clear difference in microcirculatory response was noted between healthy and healing Achilles tendons. Moreover, we showed a difference in microcirculation between the two intact control groups, which differ in age, suggesting degenerative changes on the tendon contralateral to the ruptured side. Whether measurements of microcirculatory response in intact and healing Achilles tendons
can be used to predict a vulnerability to injury and capacity to full reparative response should be assessed
in future studies.
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