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OPEN

ABSTRACT

One of the most frequent musculoskeletal injuries in sportsmen, in particular
in sport where speed is involved and quick changes in directions are observed,
is hamstring strain injuries. The high recurrence rates explain why effective and
evidence-based rehabilitation strategies must be implemented. In this review,
the existing rehabilitation principles to hamstring strain injury are considered
with an emphasis on open kinetic chain and closed kinetic chain strengthening
exercises and their importance at various stages of the healing process.
Combination of adjunctive modalities such as blood flow restrictive therapy is
also addressed. There is even evidence that a phase-specific, personalized type
of rehabilitation involving both isolated and functional strengthening is the
most effective way to maximize recovery, improve neuromuscular control, and
minimize the risk of reinjury, which is safe to allow a player to resume playing.

Keywords: Hamstring strain, rehabilitation, open kinetic chain, closed kinetic
chain, restriction of blood flow, sports injury, neuromuscular control,
functional recovery
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INTRODUCTION

The hamstring strain injuries are the most prevalent
musculoskeletal injury in any sporting community and especially
in sporting activities that involve sprinting, rapid acceleration,
deceleration and sudden change of direction [1]. These are
injuries that are characterized by a high rate of recurrence, long
period of rehabilitation and the loss of sporting time and this is a
big burden to the sport, coach and the rehabilitation professional
[2]. Appropriate rehabilitation plans are thus necessary not only
in the restoration of muscle strength and functioning, but also in
the reduction of the threat of reinjury and the safe re-entry into
sport [3]. The traditional focus of rehabilitation after hamstring
strain has been placed on progressive strength training, flexibility
training, neuromuscular control training, and functional
movement retraining [4]. Exercises aimed at strengthening are
often divided into open kinetic chain (OKC) and closed kinetic
chain (CKC) exercises with various biomechanical and
neuromuscular advantages [5]. Open kinetic chain exercises
entail movements in which the distal segment is free to move and
thus isolated by activating the hamstring muscles, whereas the
closed exercises are those that entail fixed distal segments
enticing multiple joints to activate together with the muscles [6].
Both methods are extensively applied in the rehabilitation of
athletes with hamstring strain, but the proportionality of their
effectiveness in the recovery of hamstring strain is a topic of
continuous research [7]. During the recent years, blood flow
restriction (BFR) therapy has become the most popular as the
supplement to rehabilitation and strength training, especially
among athletes and the post-injury population [8]. BFR entails
the use of an external cuff or a tourniquet to partially limit inflow
of the arteries and exclusion of the venous outflow during
exercise [9]. It is a method that allows major advancements in
muscle strength and hypertrophy with low-resistance training
that is usually 20-40 percent of one-repetition maximum [10]. BFR
has been found to be especially desirable in the first and middle

REVIEW
Hamstring Strain Injuries in Sportsmen

Hamstring strain injuries (HSIs) are among the most prevalent
non-contact musculoskeletal injuries of a broad spectrum of
sporting activities, especially one that involves sprinting, kicking,
jumping, rapid acceleration, deceleration, and sudden direction
changes [20]. The reported cases of HSIs in sports like football,
athletics, rugby, cricket, and basketball are always high [21]. These
injuries mostly arise in the terminal swing part of the sprinting,
whereby the hamstrings are exposed to high-range eccentric loads
during lengthening, which exposes them to strain [22].

stages of hamstring recovery when high-load exercises can be
contraindicated because of the limitations of tissue healing [11].
New evidence has shown that BFR, used together with open and
closed kinetic chain exercises, can be more effective in improving
rehabilitation by maximizing muscular responses, with
minimum stress to joints and tissues [12]. BFR-based open kinetic
chain exercises could be used during the initial rehabilitation to
enable specific hamstring strengthening, which stimulates
muscle activity and muscle growth without overloading the
healing muscle [13]. On the other hand, closed kinetic chain
exercises with BFR can be used to help develop functional
strength, proprioceptive training, and kinetic chain integration,
which are required in sport specific performance and injury
prevention [14]. Although, there is an increased interest in BFR-
assisted rehabilitation, there is still no consensus on the best
integration of open and closed kinetic chain exercises in cases of
hamstring strain injuries using BFR therapy [15]. The differences
in the severity of injuries, the stage of rehabilitation, sports
requirements, and personal adaptation to training make the
clinical decision-making process even more complicated [16]. An
in-depth assessment of the available evidence is thus needed to
inform clinicians to choose the right exercise methodology and
maximize rehabilitation regimens [17]. The purpose of the review
is to compare critically and contrast the outcomes of open kinetic
chain exercises and closed kinetic exercises together with blood
flow restriction therapy on athletes with hamstring strain injuries
in the recovery process [18]. This review aims to offer evidence
based practice based on the existing data about physiological
processes, clinical performance, and functional implications to
help sports medicine professionals with providing evidence-
based practice and developing effective, safe, and personalized
rehabilitation plans [19].

The issue of high rates of hamstring strain injury recurrence is also
of great concern, and often can be explained by incomplete
recovery, the existence of the deficit of muscles strength, the
presence of altered neuromuscular control, and the early exit of the
sports activity [23]. Recurrent injuries correlate with increased
recovery and worse athletic outcomes of the rehabilitation, which
highlights the need to ensure the use of evidence-based approaches
to rehabilitation aimed at power, tenderness, and functional ability
with a minimum risk of reinjury [24].
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Figure 1: Overview of hamstring strain mechanisms, recurrence, and rehabilitation importance

Principles of Rehabilitation after hamstring strain.

Hamstring rehabilitation has the following primary objectives:
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movement patterns [26]. Exercises that strengthen are the

pain reduction, muscle strength and flexibility restoration,
neuromuscular control and a gradual reintroduction of sport-
specific activities [25]. The conventional rehabilitation programs
include progressive strengthening of exercises, flexion,
lumbopelvic stability, proprioceptive retraining, and functional

foundation of the rehabilitation process and can be divided into
open kinetic chain (OKC) and closed kinetic chain (CKC) exercises.
different
neuromuscular advantages and the appropriate use of each

Both  categories  provide biomechanical ~ and

category depends on the healing stage, severity of injury and the

sport-involved functional needs [27].

Table 1: Key principles guiding rehabilitation following hamstring strain injuries

Rehabilitation Component

Description / Purpose

Pain Management

Reduces pain and inflammation to allow safe progression of rehabilitation

Muscle Strength Restoration

Progressive strengthening to restore hamstring force-generating capacity

Flexibility Restoration

Improves muscle extensibility and reduces strain during movement

Neuromuscular Control

Enhances coordination and motor control of the hamstrings and surrounding musculature

Lumbopelvic Stability

Promotes core and pelvic control to reduce excessive hamstring loading

Proprioceptive Training

Improves joint position sense and movement awareness

Functional Movement Retraining

Re-establishes efficient and sport-specific movement patterns

Strengthening Exercise Types

Includes both open kinetic chain (OKC) and closed kinetic chain (CKC) exercises

OKC Exercise Role

Allows isolated hamstring strengthening, especially in early rehabilitation

CKC Exercise Role

Enhances functional strength and kinetic chain integration in later stages

Exercise Selection Criteria

Determined by injury severity, healing stage, and sport-specific demands
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Exercise on Hamstring Rehabilitation Open Kinetic Chain

Open kinetic chain activities are those exercises which involve
movement of the distal part with a minimum of external restraint
to enable the activation of the muscles [28]. Under hamstring
rehabilitation, OKC exercises that include prone hamstring curl,
seated knee flexion, and eccentric loading exercises assist in
isolated strengthening of the hamstring muscles [29]. The benefit
of OKC exercises is that it is possible to selectively load the
hamstrings, and resistance, range of motion and type of contraction
can be precisely controlled [30]. This contributes to the fact that
they are especially useful in the early and intermediate stages of
rehabilitation when there is a need to control loading to encourage
muscle recovery without putting on too much strain [31]. In
addition, OKC exercises enable clinicians to work on the side-to-
side strength imbalances, which are regarded as the risk factors of
reinjury [32]. Yet, eccentric strengthening in isolation might not
sufficiently mimic the conditions in dynamic sporting tasks that
require hamstring force [33]. That is why OKC exercises are usually
combined with the CKC exercises in the late rehabilitation steps in
order to provide the full recovery [34].

Hamstring Rehabilitation using Closed Kinetic Chain Exercises

Table 2: Role of closed kinetic chain exercises in hamstring rehabilitation

Closed kinetic chain exercises are associated with non-portable
ends, which causes the presence of various joints and muscles in a
simultaneous state of activity. Some of them are squats, lunges, hip
hinges, deadlifts, and step-down exercises [35]. These activities
facilitate co-contraction of synergistic muscles and neuromuscular
coordination of the kinetic chain. Functional strength,
proprioception and lumbopelvic stability, which are some of the

elements of safe return to sport, are especially improved in CKC
exercises [36]. Through the imitation of sport-specific patterns of
movement, CKC exercises improve the transmission of forces via
the lower limb and limit compensatory movement patterns that
can lead athletes to reinjury [37]. Although CKC exercises are
associated with more functional benefits, they are usually
associated with increased loads on the mechanism, and their
application can be delayed during the initial months after acute
hamstring strain [38]. To avoid overloading of healing tissues,
therefore, care must be taken in progression and load management
[39].

Aspect Description

Definition
and muscle groups

Closed kinetic chain exercises involve fixed distal segments with simultaneous activation of multiple joints

Common CKC Exercises

Squats, lunges, hip hinges, deadlifts, step-down exercises

Muscle Activation Pattern

Promotes co-contraction of synergistic muscles across the kinetic chain

Neuromuscular Effects

Enhances neuromuscular coordination and motor control

Functional Benefits

Improves functional strength, proprioception, and lumbopelvic stability

Role in Return to Sport

Supports safe return by replicating sport-specific movement patterns

Force Transmission

Enhances efficient force transfer through the lower limb

Injury Prevention

Reduces compensatory movement patterns that may predispose to reinjury

Mechanical Load | Generally associated with higher mechanical loads on healing tissues
Considerations
Clinical Application Often introduced in later rehabilitation phases with careful progression and load management

Minimized Blood Flow Therapy in Rehabilitation of the Musculoskeletal

Blood flow restricion (BFR) has become a new form of
rehabilitation and strength training. BFR is a method in which
pressure is applied in the form of cuffs or tourniquets to partially
limit the inflow of blood through the arteries and block the outflow
of blood in the veins during low-load exercise [40]. The studies
have proven that BFR training at 20-40% of one-repetition
maximum can cause considerable muscle strength improvement

and hypertrophy, similar to high-load resistance training [41]. The
causal factors are metabolic stress, augmented motor unit
recruitment, hormonal reactions, and augmented muscle protein
generation. BFR proves especially useful in rehabilitation facilities
where the high-resistance training is contraindicated by pain,
tissue healing limitation, or post-injury limitations [42]. It has the
capacity to induce muscular changes with the least amount of joint
and tissue strain, and therefore, it is an appealing exercise to
consider in athletes who are experiencing hamstring tears [43].
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Figure 2: Minimized Bloof Flow Therapy in Muscoskeletal Rehabilitation

Combination of BFR and Open and Closed Kinetic Chain Exercise

There is recent evidence that BFR should be used together with
both OKC and CKC exercises to maximize the effects of
rehabilitation in the case of hamstring strain injuries [44].
Combined with OKC exercises, BFR can be used to stimulate
hamstring early activation and early hypertrophy with limited
mechanical stress on the muscle fibers in the healing process. The
method is especially beneficial at acute and subacute stages of
rehabilitation when the intensive high-load strengthening can be
inapplicable. of rehabilitation [45]. The CKC exercises, which are

done under a BFR condition, increase muscle strength,
neuromuscular coordination, and proprioception and do so at
comparatively low external loads [46]. This combination underlies
the formation of sport-specific movement pattern and integration
of kinetic chain, which is vital to return-to-play preparation and
injury prevention [47]. Although the results are promising, there
are inconsistencies in the BFR protocols in terms of cuff pressure,
exercise choices, time, and frequency. Also there are personal
aspects of severity of injury, training background and sport specific
requirements in which effectiveness of BFR-assisted rehabilitation
is affected [48].

Table 3: Comparison of BFR-assisted open and closed kinetic chain rehabilitation

Rehabilitation
Component

BFR with Open Kinetic Chain (OKC) Exercises

BFR with Closed Kinetic Chain (CKC) Exercises

Primary  Rehabilitation | Acute and subacute phases
Stage

Late rehabilitation and return-to-sport phases

Muscle Activation

Enables early and targeted hamstring activation

Promotes coordinated activation of multiple muscle
groups

mechanical load

Strength and Hypertrophy | Facilitates early muscle hypertrophy with low | Enhances functional strength at low external loads

Tissue

Mechanical Stress on | Minimal stress on healing muscle fibers

Controlled stress while improving load tolerance

Neuromuscular Benefits Focused isolated muscle control

Improves neuromuscular  coordination and
proprioception

Functional Relevance

Limited functional carryover in isolation

Encourages sport-specific movement patterns

Role in Injury Prevention | Supports safe early strengthening

Aids kinetic chain integration and reinjury
prevention

Limitations

Less emphasis on functional movement patterns

Load progression must be carefully monitored

Influencing Factors Injury severity, stage of healing

Sport demands, training background, individual
adaptation

Research Considerations

Variability in BFR pressure and exercise selection

Lack of standardized BFR protocols across studies

Clinical Implications and Research Gaps

Although both OKC and CKC exercises have become a known part
of the hamstring rehabilitation process, it is unclear how the
exercises fit and integrate best with the use of BFR therapy [49].
Existing sources emphasize the importance of patient-specific
rehabilitation programs, which take into consideration the stage of

injury, profile, and functional needs of an athlete. Moreover, there
is a lack of high-quality randomized controlled trials in the
comparison of BFR-assisted OKC and CKC interventions. The next
round of study ought to aim at standardized BFR methods, chronic
consequences, recurrence injury rates, and performance
performance at the time of return. Evidence-based guidelines
should be put in place to help clinicians make decisions and
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rehabilitation strategies that will be used to enhance recovery and

reduce recurrence [50-52].

Table 4: Table summarizing clinical implications and research gaps in BFR-assisted hamstring rehabilitation.

Aspect

Clinical Implications

Research Gaps / Future Directions

Integration of OKC and
CKC with BFR

Individualized
Rehabilitation

Evidence Quality

BFR Protocol
Standardization

Re injury Prevention

Return-to-Sport
Outcomes

Clinical Guidelines

Clinicians should thoughtfully integrate OKC and CKC
exercises with BFR based on rehabilitation phase and
tissue healing status

Rehabilitation programs must be patient-specific,
considering injury severity, stage of recovery, sport
demands, and athlete profile

Current evidence supports the potential benefits of BFR-
assisted training in hamstring rehabilitation

Careful clinical judgment is required due to variability in
cuff pressure, exercise intensity, and duration

BFR-assisted exercises may help reduce re injury risk by
allowing early strengthening with low mechanical load

Functional recovery and performance may be enhanced
through combined kinetic chain and BFR training

Evidence-informed  decision-making can improve
recovery outcomes and reduce recurrence

Optimal sequencing and combination of OKC
and CKC exercises with BFR remains unclear

Limited evidence guiding individualized BFR-
based protocols for different injury grades

Lack of high-quality randomized controlled
trials comparing BFR-assisted OKC vs CKC
interventions

Need for standardized BFR protocols (pressure,
duration, frequency, exercise selection)

Insufficient data on long-term outcomes and
reinjury recurrence rates

Limited research evaluating return-to-sport
performance metrics following BFR-assisted
rehabilitation

Need for consensus-driven, evidence-based
clinical guidelines for BFR use in hamstring

DISCUSSION

The management of hamstring strain injuries should be
performed in a progressive, and evidence-based methodology of
rehabilitation to provide the best recovery and minimize the
high chances of recurrence that has been claimed to be common
among athletes [51]. The multifactorial nature of hamstring
recovery is demonstrated in the primary goals of the
rehabilitation process such as reduction of pain, regaining
muscle strength and flexibility, enhancing neuromuscular
control, and gradual resumption of sport-specific activities [52].
Management of pain and inflammation is an early intervention
that facilitates the commencement of therapeutic exercises
safely, with gradual strengthening regaining the force-
generating ability of the hamstrings required in sports [53]. The
mainstay of hamstring rehabilitation consists of strengthening
exercises and can be divided into open kinetic chain (OKC) and
closed kinetic chain (CKC) exercises. OKC exercises can be used
to selectively activate the hamstrings and are especially helpful
in the initial phases of rehabilitation when the risk of damaging
the healing tissues by controlled loading is necessary [54]. By
comparison, CKC exercises encourage the use of multi-joint
coordination, lumbopelvic stability, and proprioceptive input
and are better used in the later stages when functional and sport-
specific demands are greater [55].This can be further
complemented by the incorporation of the flexibility training,
neuromuscular re-education, and proprioceptive retraining to
increase the efficiency of movements and to decrease the
occurrence of compensatory habits that can predispose players
to reinjury. Notably, the choice and the development of exercises
must be customized depending on the severity of injury and the
healing process and the functional demands of the sport. These

rehabilitation

rehabilitation principles have to be safely used with a balanced
and phase-specific application in order to prevent injuries in the
long run and safe returns to sport [56].

CONCLUSION

The hamstring strain injuries still pose a major problem in sports
medicine because of high frequency and occurrence among
sportspeople. The rehabilitation is critical not only towards
regaining muscle strength and muscle flexibility but also in the
re-formation of neuromuscular control and functional
movement patterns that are required in the safe return to sport.
Rehabilitation should be based on progressive strengthening
that must use open kinetic chain and closed kinetic chain
exercises targeting various phases of healing and functions.
Open kinetic chain exercises are especially useful during the
initial stages of rehabilitation to specifically strengthen the
hamstrings under control loading and closed kinetic chain
exercises to strengthen the functional strength, proprioception,
lumbopelvic steadiness, and kinetic chain coordination at the
later stages. Flexibility training, proprioceptive retraining and
sport specific functional exercises are also included so that the
recovery is complete and that the chances of reinjuring is
minimized. In general, a personalized, stage-based rehabilitation
process based on the severity of the injury, the course of the
healing process, and the needs of a particular sport is paramount.
The further study is required in terms of setting the standard
rehabilitation rules, and the exploration of complementary
treatment options, including blood flow restriction therapy, to
continue to maximize the results and reduce the rates of relapse
in athletes with hamstring strain injuries.
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