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KEY POINTS

e Blood flow restriction (BFR) can be used to reduce postoperative muscle atrophy and
strength loss following Achilles tendon repair (ATR).

BFR may address some specific and unique trouble areas for ATR rehab.
e The safety of BFR postoperatively is well established.
Implementing BFR in preoperative and early postoperative phases is crucial.

e Progressively loading with BFR, and then transitioning gradually to traditional resistance
training, optimizes recovery.

INTRODUCTION

An acute Achilles’ tendon rupture is a common musculoskeletal injury, with an annual
incidence of 7 to 40 events per 100,000 persons.’ On average, patients require 6 to 12
postoperative months of limited mobility before returning to unrestricted physical ac-
tivity and 1 year before returning to full strength. Early weight-bearing and mobilization
have been advocated for in light of reported improvement in health-related quality of
life, earlier healing responses, and greater strength improvements without risk of
tendon rerupture or elongation.?~° Though the literature increasingly supports the pro-
gressive use of strength and range of motion as opposed to cast immobilization, pa-
tients can still experience postoperative calf muscle atrophy and strength loss that can
not only delay return to activity but also persist well over a year.® Leppilahti and col-
leagues® reported significant atrophy in 70% of patients with acute Achilles rupture
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Abbreviations

1RM 1 repetition maximum
ATR Achilles tendon repair

BFR blood flow restriction
BFR-RE blood flow restriction resistance exercise
VTE venous thromboembolism

after 3 years. Similarly, Heikkenin and colleagues” reported a 12% to 18% strength
deficit between involved and uninvolved lateralities at 13 year follow-up.

Given these drawbacks, there is scope to improve postoperative rehabilitation pro-
tocols of Achilles ruptures to help patients return to preinjury levels of strength and
physical activity. Blood flow restriction (BFR) exercise has emerged as a promising
accelerated rehabilitation protocol that has been shown to safely attenuate postoper-
ative losses in strength and muscle mass in patients unable to tolerate, or with contra-
indications to high-load resistance training.5° Thus, the purpose of this article is to
explore how integrating the use of BFR into the rehab continuum following Achilles
tendon repair (ATR) might augment current strategies. Within, we propose specific
time points for use, considerations for dosage, target tissues with supporting physio-
logic rationale as well as strategies for determining when to consider moving away
from BFR and how to do so.

INTRODUCTION OF BLOOD FLOW RESTRICTION

Once considered a novel and new modality for postoperative care, BFR has now
become a consistently referred treatment option for orthopedic injuries. Although
the bulk of clinical trials utilizing BFR have focused on its efficacy for conditions
involving the knee, a recent survey of orthopedic surgeons found that 30.5% of re-
ferrals for BFR were for ATR.? After Achilles repair, the protracted period of limited
loading leads to substantial muscle atrophy and loss of strength. Unfortunately, cli-
nicians have been limited in their ability to slow these negative postoperative
changes because loads typically greater than 70% of a 1 repetition maximum
(1RM) are required to restore muscle quantity and quality.’” The advantage of BFR
is the ability to gain similar muscle strength and hypertrophy as traditional heavy
load resistance training while utilizing low loads, typically less than a 30%
1RM.""~'3 This is accomplished by placing a pneumatic cuff on the proximal portion
of the limb and inflating it to an individualized pressure to reduce arterial in-flow and
completely block venous return.’ From this, a hypoxic state is created in the limb,
which forces the muscle to utilize both aerobic and anaerobic metabolism while
exercising at low loads.'® This emphasis on anaerobic metabolism recruits the
high threshold fast-twitch muscle fibers and induces a rapid fatigue state along
with inducing subsequent anabolic signaling pathways.'>~'° Thus, BFR provides pa-
tients the ability to not only slow atrophy during periods of immobilization or limited
loading but also to potentially maintain preoperative muscle strength and
hypertrophy.
Basic exercise parameters of BFR resistance exercise are as follows':

e 40% to 80% of limb occlusion pressure

e 20% to 40% of 1RM

e 30/15/15/15 rep/set scheme

e 30 second rest intervals

e 2 second concentric pace: 2 second eccentric pace
e Cuff remains inflated for the duration of the task
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MECHANISMS OF ACTION

Chiefly, BFR works by accelerating the onset and amplification of fatigue.?° It accom-
plishes this through local mechanisms that occur simultaneously as a result of the
complete occlusion of the venous system and the reduction of oxygenated blood
delivered to working muscle.?’ Low-intensity exercise tasks (aerobic or resistance)
preferentially utilize oxygen to generate the ATP necessary to fuel repetitive muscle
contractions. The reduction in delivery of oxygenated blood to working muscle re-
quires the use of alternate pathways to produce ATP to continue fueling the activity.
These pathways, typically labeled anaerobic, produce metabolites in addition to
ATP. These metabolites, specifically hydrogen ions and inorganic phosphate, cannot
be cleared out of the muscle and venous system due to the restrictive cuff that has
been applied. This results in a fatigue sensation building with each subsequent muscle
contraction. The fatigue coupled with the reduction in resource (oxygenated blood)
forces the recruitment of more and more muscle fibers to get involved in the
task.?22% This recruitment of additional motor units (typically type 2 motor units) and
fatigue are imperative to achieve skeletal muscle adaptation via exercise in any
form. Traditionally this has been accomplished via the use of high load, high intensity,
or lengthy durations of exercise.

The emergence of BFR has helped physiologists better contextualize the roles load,
intensity, and duration of exercise play. Thus, in many ways, BFR can be considered to
simply be another exercise variable practitioners use to stress muscle sufficiently to
achieve desired adaptations in muscle ultrastructure and performance. The applica-
tion of this exercise approach, therefore, has implications toward a more efficient
and thorough injury/surgical recovery,”*?°> combatting progressive disorders that
affect muscle quantity/quality,>6=2® optimization of the exercise needed to achieve
peak performance,?°=" and recently some indications that it may play a role in accel-
erating recovery from intense activity exposure.®?-3*

SAFETY

The clinical safety of BFR following orthopedic surgery has been shown in several
studies.?*>° Regardless of age, adverse responses are generally few and minor, often
resolving within session.®® Concern regarding venous thromboembolism (VTE) seems
ill-founded given the lack of an impact on Virchow’s triad and the fact BFR exercise is
more in-line with prevention or management of clot than cause.®”*® Laboratory
studies and clinical trials have not found any potential for BFR to produce VTE in acute,
chronic, and postoperative conditions.3°~*!

Following an injury to the vascular system, clot formation is a natural part of the heal-
ing process. Also, brief periods of blood stasis can lead to thrombus development
without necessarily causing harmful effects. One way the body regulates thrombus
progression is by activating the fibrinolytic system. Research has shown that resis-
tance training can enhance fibrinolytic activity, with effects observed after just 1 ses-
sion. This response has been noted in both young healthy individuals and older adults
with coronary artery disease.*>*3

There is evidence suggesting that blood flow restriction resistance exercise (BFR-
RE) may also enhance fibrinolytic activity. Studies indicate that applying BFR-RE to
the lower limbs leads to increased levels of tissue plasminogen activator, a protein
responsible for breaking down thrombi in endothelial cells.>®** Moreover, brief
vascular occlusion alone, even without exercise, has been associated with a signifi-
cant rise in fibrinolytic factors.***> However, factors such as age, sex, and obesity
could influence how the fibrinolytic system responds to exercise.*® Following
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established clinical prediction guidelines for VTE may be useful not only for applying
BFR after Achilles repair but also for mobility and exercise in general.>®

Clinical presentations and their self-limiting nature all but ensure a gradual exposure
to exercise intensity, even with BFR, thus facilitating a repeated bouts effect and
providing protection against conditions like rhabdomyolysis.“® The cardiovascular de-
mands of BFR and exercise deserve the greatest level of concern related to ATR rehab
given the incidence of occurrence in “weekend warrior” types. Fortunately, the major-
ity of the evidence indicates BFR augments hemodynamic responses in a small but
significant amount beyond low-load resistance exercise without BFR.*” It is recom-
mended that practitioners follow typical decision-making guidance for resistance
training when prescribing BFR.*®

MANAGEMENT OF ACHILLES REPAIR

Comprehensive management of any injury in the modern health care landscape en-
compasses care from the acute injury through a preoperative phase where pain is
often less and limitations have improved, to the acutely postoperative phase and pro-
gressing gradually until the point of return to prior level of function/performance. The
latter as it relates to ATR can have a very wide berth. Therefore, the successful man-
agement of Achilles repair in any form involves problem solving a number of key time
points and having the means and skill to accurately assess muscle performance and
its relationship to the functional requirements of the patient’s life. A recent International
Jopurnal of Sports Physical Therapy (IJJSPT) publication by Marrone and colleagues®*®
does an excellent job of providing incremental assessment strategies that inform ex-
ercise and return to activity decision-making following ATR.

Our limited understanding of how to optimally restore function following Achilles
repair continues to evolve, as it does in many injuries that require surgery. As an
example, a recent randomized controlled trial investigating the use of BFR after ante-
rior cruciate ligament (ACL) reconstruction found that neither the experimental condi-
tion (BFR) nor the control (which was the first to follow current clinical practice
guidelines [CPG’s]) was able to restore muscle quality or quantity to the affected limb’s
quadriceps muscle at 4 to 5 months postop.®® The hallmark of Achilles repair, unre-
solved gastrocnemius/soleus complex atrophy, certainly indicates lasting impair-
ments of muscle health in this clinical presentation as well. As referenced earlier,
deficits in strength have been shown to persist out to 13 years postop.* While it is
important to note that muscle size and strength do not share a linear relationship,>'-°2
these variables are certainly related, and undoubtedly indicate a need and potential
target for postoperative therapies. Thus, novel management strategies like BFR
have an opportunity to impact postop rehab substantially. Vital to their development
and refinement is a comprehensive understanding of all relevant tissues and how
they respond to various stimuli like the injury, the surgical procedure, and the pro-
nounced periods of unloading associated with both the injury and surgery.

Advancements in surgical technique like the percutaneous achilles repair system
(PARS) approach and the Speed Bridge (Arthrex Inc, Naples, FL) have moved the nee-
dle substantially toward more successful and quicker recoveries simply by using small
incision and reducing the time spent nonweight-bearing.>>°* Despite this, the loading
profile following ATR remains substantially less than prior to injury. Therefore, the
magnitude of changes affecting the lower limb in response to unloading may be
less, but they have certainly not been attenuated. This is evidenced by the fact that
the clinician must still be mindful of loading too heavy too fast and stretching out
the repair. Other well-known hurdles in the recovery after Achilles repair include
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restoring end of range plantar flexion force production, restoring power output for re-
turn to jumping/running, and ultimately returning to the potentially very high levels of
activity of a physically demanding profession.

BFR exercise may provide a means of maintaining or improving muscle size and
health while the repaired Achilles heals. Additionally, recent evidence has indicated
that BFR coupled with resistance exercise may provide a positive countermeasure
to the unloading effects on bone and tendon following AT rupture and ATR.®® Further,
BFR has been shown to stimulate angiogenesis through upregulation of pro-angio-
genic factors, which may enhance healing of both the tendon repair site and the sur-
gical incision.®®°” BFR likely fits best in the preoperative and early postoperative
phases of the ATR where we now have the ability to load in a controlled manner as
a result of the aforementioned surgical advancements. In fact, Hansen and col-
leagues®® has demonstrated recently that beginning BFR earlier in the rehab contin-
uum helps to preserve calf muscle mass. Paramount to this are the utilization of
exercise tasks that can be incrementally progressed as tissue capacities improve.

Preoperative Blood Flow Restriction Implementation

While traditionally prehabilitation refers to a few weeks of physical therapy prior to a
surgical procedure, we prefer to conceptualize prehab as beginning the moment of
injury in cases like AT rupture or ACL tear. This is, in part, due to emerging knowledge
that the injury itself may contribute to muscular changes that impair the restoration of
muscle function, while it is an established fact that disuse contributes to similar
changes in muscle.®®-f° These changes are presumed to be a result of the amplifica-
tion of the myostatin gene. Therefore, early interventions to attempt to counter this
may be very valuable to the overall health of muscle. Kakehi and colleagues®’ have
demonstrated that simply cycling inflations of the tourniquet for 5 rounds of 5 minutes
twice daily slowed the disuse-induced amplification of myostatin. This is often referred
to as “cyclic/passive BFR” or a “cell swelling protocol” after the mild swelling it causes
in muscle as a result of depriving the sodium-potassium pumps in the muscle of
oxygen.

While attempting to address the aforementioned, one must not lose sight of well-
established targets of postinjury or prehab programs like the management of pain,
edema, and range of motion. These should certainly take precedence. Fortunately,
ischemic preconditioning, a close cousin of cyclic/passive BFR, has been shown to
reduce pain temporarily and in our experience has been used successfully as a
pain-relieving technique early postinjury.6?> In this early phase after injury, high-
frequency exposures to rehab may be optimal because of the temporary nature of
treatment strategies to address pain and edema, while the implementation of BFR
is intended to be a surrogate for daily weight-bearing activity.®>54 Further, the status
of the individual is changing rapidly, and frequent assessment will also serve as means
of ensuring the “prehab” is scaled properly, including determining when frequency of
visits can be reduced. Clearly, high-frequency visits may not be possible given the
constraints of the modern medical system, but this only changes the frequency of
visits as it is the responsibility of the rehab clinician to utilize interventions that are
appropriately scaled. This also highlights a need for research to elucidate and sub-
stantiate the value of such an approach.

Progression of exercise, specifically load, during this phase can happen rapidly and
should be prioritized. BFR can assist with this progression through pain-relieving
mechanisms as well as through its ability to facilitate an adaptive stimulus much earlier
in the loading continuum.®5-%° Historically, in the prehab phase, a great emphasis has
been placed upon increasing force production in key muscle groups like the quad for
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example, prior to total knee arthroplasty. Franz and colleagues’® have proposed that
given the metabolic crisis and subsequent disuse that follow surgery, perhaps more
emphasis should be placed upon exposure of pertinent tissues to metabolic stress
in the prehab phase to increase their resilience postoperatively. An initial exploration
by Franz indicates that his theory may have foundation. Finally, the low-load nature
of BFR has resulted in experimentation with high-frequency high-effort exposures
that have resulted in a shortened time to achieve adaptation in muscle.® A tertiary
finding of this approach has been a latent supercompensation effect that has been
proposed as a potential tool for the initial days of space travel.”’ This strategy might
also be applied in clinical scenarios like the last few days prior to Achilles surgery.
The desired effect would be providing a cushion postop where the muscle is in a re-
covery phase for a few days to counter the effects of extreme disuse that are inevitable
immediately following surgery.

As a rule, we recommend surgery for acute Achilles ruptures to regain strength and
advocate for repair as soon as possible after the injury. While ruptured, the muscle is
no longer connected to the calcaneus and has nothing to contract against. Even with
weight-bearing, the muscle atrophies and enzymes that breakdown muscle rise. Pa-
tients may lose sarcomeres in the muscle and some of these changes may be perma-
nent. As such we recommend expedited surgery and rehab as soon as is safely
feasible.

Postoperative Blood Flow Restriction Implementation

The early postoperative phase is similar to the early postinjury phase. The key compo-
nents of this phase that the clinician treats are pain, edema, and a large reduction in
physical activity. Historically, the first 2 weeks following ATR are categorized as a pro-
tective phase, during which the range of motion into dorsiflexion is blocked via tem-
porary cast or a boot with heel lifts that can be incrementally reduced in height. This
serves to reduce the likelihood of stretching out the repair while allowing partial
weight-bearing. Also, by using a minimally invasive approach with small incisions,
the concerns regarding wound healing can be tempered and weight-bearing can be
advanced safely. By manipulating the supercompensatory response of high-
frequency BFR during the prehab phase, we have attempted to provide a window
postoperatively that can be used to focus on pain and edema with little concern for
a few days over disuse. However, we would suggest that after 3 to 4 days, an
emphasis needs to begin to be placed upon counteracting the limited weight-
bearing in the involved limb. We know from a large body of evidence that the quadri-
ceps and soleus muscles begin to atrophy very fast during unloading.”?"® One of the
chief contributors to this atrophy in addition to reductions in muscle protein synthetic
rates are increases in myostatin that scar down muscle and make restoring muscle
quality and quantity more difficult.® Therefore, clinicians need a strategy to address
this. The quad can be programmed in a traditional manner with load at 2 to 3 times
a week frequency utilizing a hypertrophy-type training regimen. The calf obviously
cannot be loaded, and therefore, the clinician will need to program much like they
did early following injury via cyclic/passive BFR approach.®®%* Fortunately, the calf
musculature in healthy individuals seems to respond nicely to BFR on the same
limb even if it is not targeted with exercise; this could further help to delay the need
to provide some active contraction to limit atrophy.”* However, as soon as isometrics
to tolerance in the boot are permissible, they should be combined with BFR. Other
low-load activities that could be combined with BFR during this phase while eliciting
some active contraction from the calf could be bike pedaling, weight-shifting, walking
in the AlterG, walking in the boot, or any other movements targeting the kinetic chain.
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As the ability to load the Achilles and move it through larger ranges of motion in-
creases, exercises can be progressed with BFR to elicit higher levels of effort and fa-
tigue in the calf, which will allow reductions in frequency. The progression of exercise
should be toward what we consider an optimal stimulus for hypertrophy, which would
be plantar flexion exercises with both straight and bent knee, loaded to 20% to 30% of
1RM at a 60% to 80% limb occlusion pressure and using the typical 30/15/15/15 rep
set scheme. This should result in a large amount of fatigue if not muscular failure and
should be performed at least twice weekly. This will result in a weekly volume of 16
sets of exercise for the week, 8 of which will be working sets if proper loads and

Table 1

Postoperative Timeline

Achilles repair blood flow restriction rehabilitation protocol

Exercise

Postoperative Day 2 — Week 2:
Splint removal/BFR
therapy initiation

1.
2.

Straight leg raises
Side-lying leg raises

Postoperative Week 2 — Week 6

. Ankle plantarflexion/dorsiflexion—The

. Straight leg raises—Progress to using thera-band

. Side-lying leg raises—Progress to using thera-

. Long arc quads—Progress to using thera-band or

progression for this exercise movement will be
ankle pumps (active plantarflexion and
dorsiflexion to neutral with no resistance) to
ankle pumps with a resistance thera-band, and
finally to pumps using a leg press machine with
increasing weighted resistance. Resistance and
loading will not be used until approved by the
physician and/or physical therapist

or weights over time based on individual
patient’s capabilities

band or weights over time based on individual
patient’s capabilities

weights over time based on individual patient’s
capabilities

Postoperative Week 6 — Week 12

. Leg press toe raises—Start initially doing the

. Leg press—Begin doing exercise bilaterally.

. Glute bridges—Begin doing exercise bilaterally.

. Romanian dead lift (RDL)—Progress to using

exercise bilaterally with approximately 40 Ibs or
whatever the patient can tolerate. Progress to
using additional weight and performing the
exercise unilaterally based on individual patient’s
capabilities

Progress to using weight over time and doing the
exercise unilaterally based on individual patient’s
capabilities

Progress to using weight over time and doing the
exercise unilaterally based on individual patient’s
capabilities

weight over time and doing the exercise
unilaterally based on individual patient’s
capabilities

Courtesy of Drakos et al.
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pressures are achieved. It is thought that around 10 sets of weekly volume is neces-
sary to drive muscular hypertrophy.”® This number is higher for the trained individual
due to their training status. We would suggest considering a higher volume than 10
sets is likely necessary for the gastroc/soleus complex given the large volume of
work these tissues are susceptible to with a typical daily activity suggestion of
10,000 steps.’® Tracking daily steps and weekly training volume are likely very valu-
able to ensure a continued progression of activity in order to seamlessly restore func-
tion. Hullfish and colleagues’” and Baxter and colleagues’® are important resources
that can help guide the incremental progression of loading during this and later
phases.

Moving Away from Blood Flow Restriction/Late Phase Blood Flow Restriction
Training Blocks

The use of BFR will be necessary well into the intermediate phase (weeks 6-12) of
rehab after ATR. It is possible that it will be needed beyond this phase, but by
12 weeks, the clinician should at least be considering how to achieve the necessary
training volumes with physical loading of 65% 1RM and greater. Removing BFR from
the program should not, however, be a decision based upon weeks postop, it should
be criteria driven by objective measurement and individual patient status.

A simple way to gradually progress away from BFR is to replace 1 exercise at a time
with heavy loading. This ensures the maintenance of training volume while also limiting
soreness from the increased load. Another strategy that we have used successfully is to
utilize heavy loading days and BFR days. If for example, training 3 days a week, Monday
could be the heavy day while Wednesday and Friday are BFR days. This could progress
to Monday and Friday as heavy days while Wednesday remains a BFR day.

As the weeks progress and the patient is regaining energy storage capabilities of the
tendon, particularly if a muscle size deficit persists, it could be beneficial to feather in a
month or so of BFR as a means of altering the training stimulus to push through a stick-
ing point. It has been demonstrated that in highly trained individuals that BFR, even in
small doses, can provide an adaptive stimulus that load could not.”® And since BFR
has been shown to increase Achilles tendon stiffness similarly to heavy loading, there
is no concern over a negative effect of this training modification.8%:8

SUMMARY

In conclusion, the rehabilitation process for acute Achilles tendon rupture is critical for
restoring function and preventing reinjury. While traditional protocols emphasize
restricted activity, the integration of BFR therapy has shown significant promise. It
enables strength improvements with lower loads, thereby reducing the risk of over-
loading the healing tendon. Additionally, early application of BFR in rehabilitation
has been associated with faster recovery timelines, enhanced muscle hypertrophy,
and improved quality of life. Early BFR may even improve the quality of the healing
tendon.®? These findings underscore the potential of BFR to transform standard reha-
bilitation practices for Achilles tendon injuries. Future research should focus on opti-
mizing BFR protocols and understanding long-term outcomes to further enhance
recovery strategies and patient care (Table 1).

(At the onset of the BFR therapy sessions which will occur 2-3 times per week, the
tourniquet cuff will be placed around the patient’s thigh. Physical therapists will guide
patients to complete exercises at 80% of LOP, but final pressure for the duration of the
exercises will be the maximum pressure tolerated by the patient between 60% and
80% limb occlusion pressure (LOP). Four sets of each exercise will be completed
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for reps of 30, 15, 15, and 15 during each set. Thirty second breaks will be taken be-
tween each set. Additional aspects of physical therapy outside these strengthening
exercises will be per standard of care physical therapy.)

CLINICS CARE POINTS

Passive/cyclic BFR (5 minutes inflation x 5 rounds, twice daily) effectively slows atrophy
during immobilization without requiring active muscle contraction—ideal for the first 3-4
days postoperatively.

BFR allows safe strengthening at 20-30% of 1RM, enabling therapeutic loading well before
traditional heavy resistance (>70% 1RM) would be safe for the healing tendon.

Individualize occlusion pressure to 40-80% of limb occlusion pressure (LOP) to optimize
safety and efficacy across different patient limb sizes and compositions.

BFR enhances angiogenesis, potentially promoting healing of both the tendon repair and
the surgical incision—a dual benefit beyond muscle preservation alone.

Transition from BFR to traditional loading is criteria-based, not time-based: begin replacing
BFR sessions with heavy-load training once patients demonstrate adequate strength and
tissue healing capacity.

The gastrocnemius-soleus complex may require higher weekly training volumes (>10 sets)
due to its normal high-volume daily loading demands compared to other muscle groups.
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