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ABSTRACT

International Journal of Exercise Science 17(3): 140-153, 2024. Blood flow restriction exercise (BFRE)
appears to provide a unique opportunity to preserve lower limb muscle and function in patients with an Achilles
tendon rupture. The purpose of this study was to investigate the feasibility of BFRE in patients with an Achilles
tendon rupture. Additionally, to evaluate muscle volume and patient-reported ankle function, symptoms,
complications, and physical activity following 12 weeks of BFRE. Feasibility was measured by adherence to training
sessions, drop-out rate, intervention acceptability, ankle pain exacerbation (NRS), and adverse events. At baseline
and 12-weeks follow-up, patients completed the Achilles Tendon Total Rupture Score questionnaire and had their
thigh and calf circumference measured. At follow-up, patients” ability to perform a single-leg heel rise was tested.
Sixteen of 18 patients completed the intervention and for those, adherence to training sessions was 88% +16%. The
mean NRS following BFRE sessions was 1.1 (95%CI: 1; 1.2). Three adverse events occurred during the 12 weeks.
Two re-ruptures after completion of the BFRE program and one deep venous thrombosis following cast removal.
BFRE was found to be feasible in a subset of patients with an Achilles tendon rupture. However, with three adverse
events in a population of 18 patients, the effectiveness and safety of BFRE warrants further investigation.

KEY WORDS: Achilles tendon rupture, blood flow restriction exercise, case series, non-surgical
treatment, rehabilitation
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Achilles tendon rupture is a common injury associated with prolonged sick leave, impaired
physical function, and reduced physical activity (13, 26, 28). In recent years early ankle joint
loading using weight-bearing and mobilization has been introduced to patients treated for
Achilles tendon rupture (23). Despite allowing early weight-bearing post injury, the ankle joint
is usually cast-immobilized, and load-restricted during the first two to eight weeks, ultimately
rendering the lower limb muscles in the affected limb extremely vulnerable to muscle disuse
atrophy (30). The deficits in muscle function persist even at and beyond 12 months post injury,
with side-to-side differences in triceps surae muscle cross-sectional area of 9-25%, and plantar
flexion of 10-35% (16). Thus, introducing an exercise method to prevent these consequences, and
avoid re-rupture without violating load restrictions is essential.

Exercise using blood flow restriction by pneumatic cuff compression has been demonstrated to
mitigate muscle disuse atrophy in musculoskeletal patients, with beneficial effects on strength
and muscle mass (17, 35). Studies have shown that blood flow restriction combined with low-
intensity aerobic exercises such as walking, can improve physical function and lower limb
muscle mass (2, 8, 29, 33). Furthermore, when blood flow restriction is combined with resistance
training at low external load intensities, in the range of 10-30% of 1 repetition maximum, it
results in improvements in muscle mass, muscle strength, and lower limb function that are
comparable to traditional resistance training (5, 11, 18).

Research on Blood Flow Restriction Exercise (BFRE) in tendon pathologies is scarce, but
preliminary evidence is promising, showing positive effects on tendon cross-sectional area and
tendon stiffness, in both patients with patellar tendinopathy and individuals with healthy
Achilles tendons (6). BFRE provides unique opportunities to prevent muscle degeneration
during early Achilles tendon rupture rehabilitation since it can be introduced at low load
intensities when patients are weight-bearing (9).

This study aims to investigate the feasibility and safety of applying BFRE in the early
rehabilitation phase for patients treated non-surgical for an Achilles tendon rupture.
Furthermore, we intended to evaluate thigh and calf circumference, patient-reported ankle
function, symptoms, physical activity, and complications following 12 weeks of BFRE.

METHODS

Participants

Patient enrolment is shown in Figure 1. Patients were identified at the emergency departments
at Aarhus University Hospital and Gedstrup Regional Hospital. Patients presenting with an
Achilles tendon rupture were screened for eligibility and invited to participate if they met the
following criteria:

. >18 years of age and diagnosed with a total Achilles tendon rupture.
. Able to read and understand Danish.
. Initially treated with a cast within 24 hours of injury.

Exclusion criteria were:
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. Previous Achilles tendon rupture in either leg.

. Previous thrombosis.

. Reduced leg function caused by other conditions than total Achilles tendon rupture.
. Treated with quinolones or corticosteroids in the previous six months.

. Medically treated for diabetes, and/or severe atherosclerosis in leg or foot.

Patients assessed for eligibility

(n=26)
Excluded (n=3)
No Achilles tendon rupture (n=2)*
v Previous thrombosis (n=1)

Invited to participate (n=23)

Declined participation (n=5)
Not interested (n=5)

v

Included and participated at
baseline test (n=18)

Drop-outs (n=2)

> DVT (n=1)
v Quinolone antibiotic (n=1)
Completed 12-week interven-
tion (n=16)

Figure 1. Flowchart of patient enrollment. DVT: Deep venous thrombosis * Two patients identified at their initial
visit in the emergency department were later excluded because they did not have an Achilles tendon rupture.
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Figure 2. The three intervention phases in relation to time post injury for patients at the two hospitals. Brackets
indicate the standard deviation of the time point for intervention initiation and follow-up testing.
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Patients were recruited from October 2022 through January 2023. Patients were provided with
oral and written study information and gave written informed consent prior to inclusion. The
study protocol was approved by the Central Denmark Region Committees on Health Research
Ethics (1-10-72-139-22) and registered at the Central Denmark Region’s internal list of scientific
projects (1-16-02-380-22). Data was managed according to the General Data Protection
Regulation (GDPR). The study was conducted in accordance with the declaration of Helsinki
and carried out fully in accordance with the ethical standards of the International Journal of
Exercise Science (25).

Protocol

Design: This study is a two-center prospective case series feasibility study with a 12-week
intervention period conducted at Aarhus University Hospital and Gedstrup Regional Hospital
in Denmark. Patients were assessed at baseline mean (SD) seven (SD 7) days post injury and
assessed at follow-up mean 12.4 (SD 0.6) weeks post baseline assessment. During the 12-week
intervention period, patients followed local hospital rehabilitation guidelines. At Aarhus
University Hospital, guidelines consisted of four weeks in an equinus cast, followed by seven
weeks in an orthopedic boot. During the initial ten weeks post injury, weight-bearing was
prohibited. At Gedstrup Regional Hospital, initial treatment consisted of two weeks in an
equinus cast, followed by six weeks in an orthopedic boot, and partial weight-bearing was
allowed in weeks three to five transitioning to full weight-bearing six weeks post injury.

Intervention: The intervention consisted of 12 weeks of BFRE with three weekly sessions. The
intervention period was divided into three phases. The duration of each phase depended on
local hospital guidelines (Figure 2). Phase I consisted of seated knee extensions with concurrent
blood flow restriction applied to the proximal portion of the affected leg at 40% of limb occlusion
pressure (LOP) and deflated between each set. Seated knee extensions were performed in four
sets of 30, 15, 15, and >15 repetitions. The last set consisted of as-many-repetitions-as-possible.
When more than 15 repetitions were completed in the last set, the load was increased by adding
weight to a bucket hanging from the ankle of the affected leg (Figure 3). After the final set,
patients performed a venous drainage exercise consisting of two minutes of air cycling while
lying supine without blood flow restriction to promote venous outflow of the lower limb. In
Phase II, BFRE was performed with occlusion corresponding to 80% LOP and in four sets of 30,
15, 15, >15. The load was increased using the same scheme as in Phase I. Cuff pressure was
maintained during rest periods. In Phase III, when patients were allowed full weight-bearing on
the affected limb, blood flow restricted walking was added and performed after the seated knee
extension exercise. Blood flow restricted walking consisted of five two-minute intervals of
walking with concurrent blood flow restriction applied to the affected leg corresponding to 80%
LOP. Patients rested for one minute without occlusion between each interval. All exercise
variables are presented in Table 1.

Prior to each exercise, the patient placed the occlusion cuff around the most proximal part of the
thigh of the injured leg. The cuff was inflated to the target pressure in a seated position prior to
the knee extension exercise and while standing in a neutral position prior to the walking
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exercise. Pressure was released immediately after completion of each set of knee extensions in
Phase I, after the final repetition in the fourth set of knee extensions in Phases II and III and after
each individual interval during blood flow restricted walking. In Phases I and II the exercises
were performed in the orthopedic boot at all times to prevent excessive dorsal flexion.
Furthermore, in Phases I and II, an elastic band attached to the bucket and secured around the
heel cap was occasionally used to prevent bucket movement.

Figure 3. Demonstration of Seated knee extension in a patient post immobilization restrictions. 3A shows the
starting position, with the bucket hanging from the foot wrist and the cuff properly placed on the thigh of the
affected leg. 3B shows end-range position with the knee of the affected leg extended.

Table 1. Intervention variables

Cuff width (cm) 11.7
Limb occlusion pressure (%)
Phase I 40
Phase II & III 80
Intervention period (weeks) 12
Exercises
Phase I & 11 BFR seated leg extension
Phase III BFR seated leg extension & BFR walking
BFR Seated leg extension
Sets (n) 4
Repetitions (n) 30, 15, 15, >15
Pause (s) 30
BFR walking
Intervals (n) 5
Duration of intervals (s) 120
Pause (s) 60

BFR: Blood flow restriction.

Determination of occlusion pressure: LOP was determined at baseline by seating the patient on an
examination table and placing an 11.7 cm pneumatic cuff (Occlude Aps, Aarhus Denmark) on
the proximal part of the affected leg (20). An ultrasound Doppler (Edan SD3 Vascular Ultrasonic
Pocket Doppler, EdanUSA, 2018) was used to identify the arterial pulse in the tibial posterior
artery, and the cuff was incrementally inflated (starting at 100-mmHg with gradual step-
increases of 20-mmHg) until the peripheral arterial pulse was eliminated, defining the pulse
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elimination pressure as LOP (31). If patients had a cast on the injured leg, LOP was determined
on the opposite leg. If patients experienced pain and discomfort or were unable to perform the
predetermined number of sets and repetitions at 80% LOP, the pressure was decreased by 20
mmHg (n=2) (7).

Outcome measures: Characteristics including gender, age, height, weight, BMI, and LOP were
obtained at baseline. Primary outcome measures were continuously collected through patients’
exercise diaries and patient-reported feedback. Secondary outcome measures were obtained at
baseline and at 12-week follow-up. The primary outcome measure of this study was the
feasibility of the BFRE intervention, including adherence to training sessions, drop-out rate,
patients” acceptability of BFRE, adverse events, and ankle pain exacerbation.

Primary outcome measure: Adherence to training sessions was measured for each patient. High
adherence was a priori defined as more than 75% of the total number of training sessions
completed. The drop-out rate was defined as the percentage of patients not completing the 12-
week training protocol. Failure to complete the training protocol for any reason was counted as
a drop-out. Patients” acceptability of BFRE was evaluated by two feasibility questions: Q1)
“Based on your current knowledge and experience, how likely is it that you will choose BFRE if
you experience an Achilles tendon rupture tomorrow?”; Q2) “How likely are you, based on your
current knowledge and experience, to recommend BFRE to friends and family?” (21). The
feasibility questions made it possible for patients to evaluate their experience with BFRE and
perception of the extent to which BFRE should be introduced in the general population of
patients experiencing Achilles tendon ruptures. High acceptability was a priori defined as 75%
of patients reporting a 4 or 5 on a 5-point Likert scale for both questions. The Likert scale was
categorized as follows: 1= not at all likely, 2= not likely, 3= neither/nor, 4= likely and 5= much
likely.

Adverse events were defined as unintended and unexpected injuries, symptoms, or other events
from inclusion until follow-up. Pain exacerbation was reported by patients at every training
session before and after exercise and recorded in training diaries. Patients rated ankle pain and
general muscle soreness separately on a 10-point numerical rating scale (NRS), where 0 = no
pain and 10 = worst imaginable pain, categorized into three groups: <5: mild to acceptable pain,
6-7: moderate pain, and >8: severe pain (3).

Secondary outcome measures: The secondary outcome measures included the circumference of
the thigh and calf, the Achilles tendon Total Rupture Score (ATRS), and the ability to perform a
Single-Leg Heel-Rise (SLHR). Thigh and calf circumference for both legs were measured with
the patient seated in a 90-degree position. Thigh circumference was measured 10 cm proximal
from the base of the patella (34). Calf circumference was measured at the thickest part of the
muscle belly (34). At baseline, calf circumference was omitted for the injured leg if the patient
presented with a cast. The ATRS is a validated patient-reported, injury-specific questionnaire
regarding physical activity and symptoms (10). The ATRS consists of 10 items scored from 0
(major limitations) to 10 (no limitations). At baseline, patients were asked to complete the ATRS
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based on their habitual state prior to injury. At follow-up, patients completed the ATRS based
on their current state. At the 12-week follow-up, patients’ short-term recovery of function was
evaluated by testing their ability to perform a SLHR (27). The patients were standing on a flat
surface with the ankle in a neutral position and were asked to perform one repetition of a SLHR
on their affected leg. Patients were allowed to lightly touch the wall with a finger on each hand
for balance. Patients failed the test if they for any reason were unable to perform one SLHR
repetition.

Statistical Analysis

Descriptive statistics are presented as means with standard deviation (SD) or using numbers (n)
when appropriate. Patients” adherence to training sessions, drop-out rate, and acceptability are
presented as n (%). Changes from baseline to follow-up were analyzed with a paired t-test
analysis and presented as means with 95% confidence intervals [95%CI]. Normal distribution of
outcome measures was assessed by Q-Q plots. Adherence to the total number of training
sessions was calculated as “the number of sessions completed” divided by “the total number of
sessions planned (n=36)". Drop-out rate was calculated by the number of patients dropping out
prior to completion of the intervention divided by the number of patients included in the study
(n=18). No power calculations were performed as the primary outcome of this study was the
feasibility of the BFRE intervention. The statistical analysis software STATA 17.0 (StataCorp
LLC, TX, USA) was used for all statistical analyses.

RESULTS

Eighteen of 23 eligible patients were enrolled in the study (Figure 1), resulting in an inclusion
rate of 78%. Sixteen out of 18 patients completed the intervention. Patient characteristics are
presented in Table 2. Fourteen were males, mean age was 51.8 (SD 15.5) years, mean BMI was
26.4 (SD 2.6), and 12 had injured the right leg. Hospital guidelines required 11 weeks of ankle
immobilization for 11 of the patients (Aarhus University Hospital) while the remaining seven
patients were immobilized for eight weeks (Gedstrup Regional Hospital).

Primary outcome measures: For the 16 patients who completed the intervention, adherence to
training sessions was 88% [79; 96%]. Intervention acceptability was excellent with 92%
responding they were likely (4/5) or much likely (5/5) to recommend BFRE to others and to use
BFRE if they experienced a new Achilles tendon rupture tomorrow with only one patient
reporting <4 to both questions.

Three adverse events were reported during the intervention period. Two patients, from separate
hospitals, sustained a re-rupture of the Achilles tendon following the 12t week of the
intervention period prior to a scheduled follow-up at the hospital. One re-rupture occurred
during usual care rehabilitation unrelated to the study intervention, while the other re-rupture
occurred during a work event. Both patients were able to complete the follow-up test and are
therefore not presented as drop-outs. A third patient developed a Deep Venous Thrombosis
(DVT) in the period following cast removal with symptoms starting prior to introducing BFRE
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at 80% LOP, resulting in the patient dropping out. In total, two patients dropped out; one had a
DVT three weeks post injury and the other initiated a quinolone antibiotic treatment in week

five.

Table 2. Baseline characteristics of patients prior to intervention (n=18)

Sex, male/female, n 14/4
Age in years, mean (SD) 51.8 (15.5)
Height in cm, mean (SD) 177.7 (6.8)
Weight in kg, mean (SD) 83.3 (8.9)
BMI (kg/m?), mean (SD) 26.4 (2.6)
Index leg:

Right/left, n 12/6
Weeks in cast/walker:

8/11 weeks 7/11
Limb occlusion pressure (LOP) in mmHg, mean (SD) 226.1 (20.6)
40% LOP in mmHg, mean (SD) 90.4 (8.2)
80% LOP in mmHg, mean (SD)* 180.9 (16.5)

SD: Standard deviation. BMI: Body Mass Index. LOP: Limb Occlusion Pressure.
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Figure 4. Mean NRS ankle pain, rate of perceived exhaustion and mean external load used for each training session
(n=16). NRS: Numerical rating scale, kg: Kilogram(s), Mean ankle pain post exercise and mean rate of perceived
exertion post exercise is read on the y-axis on the left, Mean external load used is read on the y-axis on the right,
Brackets represents 95% confidence intervals, Generally, occlusion pressure was increased from 40% LOP to 80%
LOP at ‘Training session 6’ (Gedstrup Regional Hospital) or ‘“Training session 12’ (Aarhus University Hospital).

Data on mean NRS ankle pain post exercise, mean rate of perceived exertion and mean external
load are illustrated in Figure 4. Mean NRS ankle pain following exercise was 1 [0.9; 1.2]. NRS
ankle pain was <5 in 98% of the training sessions with four patients reporting NRS pain >5in a
total of eight sessions. Mean rate of perceived exertion during sessions 12-36 was 7.2 [6.9; 7.4].
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Secondary outcome measures: Secondary outcomes are presented in Table 3 and Table 4. Thigh and
calf circumferences did not differ between non-injured and injured leg at baseline or follow-up.
Thigh circumference on injured leg was not reduced at follow-up compared to baseline. Change
in calf circumference on injured leg was measured in six patients with a mean change of -0.7 cm
[-1.3; -0.03]. Mean change in ATRS was -42.8 [-60.8; -24.7]. Two of 16 patients were able to
perform one repetition of the SLHR; three patients did not wish to complete the SLHR.

Table 3. Secondary outcome measures at baseline and 12-week follow-up

Outcome Baseline Follow-up Difference
Mean (SD) Mean (SD) Mean [95% CI]
Thigh circumference (cm) - .
Injured leg (n=16) 45.7 (4) 46.2 (4.2) 0.5 [-0.4;1.5]
Calf circumference (cm) - _
Injured leg (1=6): 39.6 (1.6) 38.4 (1.3) -1.2[-2.3;-0.1]
ATRS (n=16) 85.3 (19.2) 38.1 (18.2) -47.2 [-62.4; -32]
n (%)
Number of patients able to perform one repetition of SLHR (n=16) 2 (13.3%)

SD: Standard deviation. ATRS: Achilles total Tendon Rupture Score. SLHR: Single-Leg Heel-Rise. 2 Missing data on
patients from Aarhus University Hospital using a cast at baseline.

Table 4. Thigh and calf circumferences between non-injured and injured legs

Outcome Non-injured leg Injured leg Difference
Mean (SD) Mean (SD) Mean [95% CI]

Thigh circumference (cm) - 45.7 (4) )
Baseline (n=16) 45.4 (4.3) 0.3[-0.4;1]
Thigh circumference (cm) - .
Follow-up (n=16) 46.4 (4.7) 46.2 (4.2) -0.2[-0.6; 0.9]
Calf circumference (cm) )

_ Baseline (n=6)° 38.3 (2.1) 39.6 (1.6) 1.3 [-0.1; 2.6]
Calf circumference (cm) 39.7 (2.9) 39.2 (2.8) 0.4 [04;1.2]

- Follow-up (n=15)b
SD: Standard deviation. @ Missing data on patients from Aarhus University Hospital using a cast at baseline. b
Missing data on one patient.

DISCUSSION

The main finding of this present study is that BFRE is feasible in patients treated non-surgically
for an Achilles tendon rupture. The drop-out rate was low (11%), a moderate number of adverse
events was observed, though similar to previous findings (36). In those who completed the
intervention, adherence to training sessions was high (88%) and acceptability of the intervention
was 92%. Notably, no decrease in thigh circumference was observed following the intervention,
in contrast to the expected decrease usually observed after lower limb immobilization (14).

Adherence to training sessions: For patients who completed the 12-week intervention period
adherence was 88%. The findings are consistent with results from previous feasibility studies by
Hogsholt et al. (19) and Bentzen et al. (2) reporting training adherence of 96% and 93% when
investigating the feasibility of BFRE in patients with gluteal tendinopathy and intermittent
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claudication. Moreover, the drop-out rates of 13% and 6% observed in these studies were in line
with the drop-out rate of 11% in the present study.

Patient acceptability: Patient acceptability was measured using two feasibility questions
previously described in a study by Larsen et al. (21), studying the feasibility of three weeks of
BFR-E in patients with ankle fractures. They observed that all the patients included reported
high acceptability to the intervention protocol, comparable to the 92% acceptability in the
present study. Combined with the high adherence to training observed in our study, findings
collectively suggest that the patients in the present study were highly motivated to exercise and
improve their condition.

Adverse events: Three adverse events occurred during the intervention period: Two re-ruptures
of the Achilles tendon and one DVT. This re-rupture rate is within the range of 3.9-13% reported
for patients conservatively treated in a recent systematic review by Seow et al. (36). The two re-
ruptures occurred separately from the study intervention in the final week just prior to follow-
up. One patient developed a DVT, aligning with rates of 1-6% reported in previous Achilles
tendon rupture studies (4, 15, 32). For the patient in this study, symptoms began after cast
removal in week 2, while occlusion pressure was low at 40% LOP, and intermittent blood flow
restriction was applied. This suggests that the DVT developed prior to increasing occlusion
pressure to 80% LOP. BFRE has not been associated with an increased risk of DVT (1), and the
occlusion was applied intermittently with a relatively low pressure in this case, so the event
seems unlikely to be attributed to BFRE. It does, however, warrant further investigation into the
effect of blood flow restriction on the risk of DVT.

Pain exacerbation: Post-exercise ankle pain was <5 in 98% of the training sessions, indicating that
the pain associated with BFRE is acceptable for patients with an Achilles tendon rupture. The
findings are in line with an ankle fracture case study by Mortensen et al. (24), reporting that NRS
pain during and following BFRE was <5 in all sessions. Additionally, mean rate of perceived
exertion following week 12 when occlusion pressure was at 80% LOP was at 7.2, suggesting that
BFRE is feasible in terms of pain exacerbation even at high-intensity exercise.

Achilles Total tendon Rupture Score: The mean ATRS at 12-week follow-up was 36 (SD 20). This is
similar to the score of 39 (SD 17) observed in a study by Olsson et al. (27), where ATRS was
evaluated at 12 weeks following early active rehabilitation of patients with an Achilles tendon
rupture. Short-term (<4 months post injury) measurement of ATRS can, however, be
inconsistent when compared to one-year results (12). Therefore, further investigation on BFRE
in patients with an Achilles tendon rupture should include additional follow-up times to
properly evaluate the patient-reported outcome measure following BFRE.

Circumference: Mean thigh circumference was similar at follow-up compared to baseline. Thus,
if any atrophy was to happen following Achilles tendon rupture, the BFRE intervention may
have prevented this. Calf circumference decreased by -1.2 [-2.3; -0.1] cm, a 3% reduction, which
may be attributed to prolonged ankle immobilization. This decrease aligns with findings by
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Maffulli et al. (22), who reported a 3.5 % decrease in circumference two years post injury in both
surgical and non-surgical cases. Caution is needed when comparing our results, as they are
based on a subset of six patients. Tendon Elongation was not evaluated in this present study but
is associated with calf muscle mass and strength decline, warranting further investigation in
future BFRE trials for patients with an Achilles tendon rupture.

Single leg heel rise: Olsson et al. suggested the ability to perform one SLHR as an early recovery
milestone following an Achilles tendon rupture, with 40 out of 81 patients achieving this at 12
weeks post injury (27). In contrast, our study saw only two of 16 patients accomplishing a SLHR.
However, it is important to note that Olsson et al.’s patients were allowed full weightbearing
from the start contrary to load restrictions of 11 and eight weeks of ankle immobilization for
patients in our study. Therefore, it may be hypothesized that full weight bearing early after
injury may be an important determinant for the ability to perform a SLHR.

There are some limitations to be considered when interpreting the results of this study: Firstly,
the case series design without a control group prevents causal inference between the BFRE
intervention and the outcomes measured. Secondly, the small sample size limits the statistical
power of tests. Thirdly, the study was conducted on two separate sites with different guidelines
on Achilles tendon rehabilitation. Finally, the training protocol was adjusted to adhere to local
hospital guidelines, resulting in slightly different programs at each site. Future studies on BFRE
in Achilles tendon ruptures should explore the effects of a standardized exercise protocol.

BFRE is feasible in terms of adherence to training sessions, drop-out rate, intervention
acceptability, and ankle pain exacerbation. Despite three adverse events, BFRE appears to be as
safe as usual care for this patient group. However, the effectiveness and safety of BFRE
compared to usual care, need to be further investigated to determine whether BFRE is a viable
method for preventing loss of function and muscle disuse atrophy, while maintaining weight-
bearing restrictions.
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