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ABSTRACT
The primary aim was to report clinical features at initial assessment after hamstring injury, and the association of these with the 
mechanism of injury, BAMIC, and time to return to full training (TRFT). A secondary aim was to monitor functional milestones 
during rehabilitation and assess these relative to BAMIC and TRFT. Hamstring injuries in elite track and field athletes were eli-
gible for inclusion. Clinical markers and the time to reach functional milestones in rehabilitation and TRFT were recorded. Low 
back pain and hamstring cramping/tightness in the week prior to acute injury were, independently, present in 30% of injuries. 
A reduction in Maximal Hip Flexion Active Knee Extension (MHFAKE) (p = 0.04), greater MHFAKE asymmetry (p = 0.01), in-
creased Visual Analogue Scale (VAS) pain on walking (p = 0.001) and resisted hamstring contraction (p = 0.01) were associated 
with TRFT. BAMIC c injuries had a higher VAS pain score on walking and hamstring contraction, took longer to jog, and for 
passive knee extension to be pain free (p = 0.04). Time to return to pain-free jogging, pain-free and full power on manual muscle 
testing, Askling H-test negative, and full passive ROM were associated with TRFT. Pain-free palpation (p = 0.69) was not asso-
ciated with TRFT. Class c injuries are challenging to detect clinically, but a higher VAS pain score and prolonged restriction in 
range may be clinical associations. MHFAKE and VAS on walking and hamstring contraction may be helpful in prognostication. 
Low back pain and hamstring tightness/cramping are common symptoms prior to acute hamstring injury.

1   |   Introduction

Hamstring injuries are the most common injury in track and 
field and other sports involving sprinting and acceleration and 
account for the greatest injury burden [1, 2]. Hamstring injuries 
usually present with an acute episode of pain in the posterior 
thigh during athletic activity. Common examination findings in-
clude pain on palpation, contraction, and stretch of the affected 
muscle [3, 4]. Clinical evaluation and decision making inform 

prognostication, progression in rehabilitation, and return to play 
decision making [4–7].

The British Athletics Muscle Injury Classification (BAMIC) 
system is an MRI classification system with clearly defined, an-
atomical classes based on the site of injury: myofascial (class a), 
muscle–tendon junction (class b) or intratendon injury (class c) 
and a numerical grading system (0–4) based on the extent of injury 
(Figure 1) [8]. It is a reliable classification system that is associated 
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with return to play in hamstring and other muscle injuries [9–15]. 
The involvement of the intramuscular tendon in hamstring inju-
ries is associated with an increase in time to return to sport and re-
injury, particularly if not detected and appropriately rehabilitated, 
and therefore is important to diagnose [10, 16–18].

Several clinical features of intramuscular tendon injury have 
been proposed, such as more significant pain, reduction in flex-
ibility, or a palpable gap [3, 5, 16]. However, no reliable clinical 
determinants of intramuscular tendon injury have been identi-
fied [3]. It has been suggested that myofascial injuries are often 
painful but with less strength deficit, as the integrity of the 
muscle-tendon unit is less disrupted.

There is no strong evidence that any initial clinical finding after 
hamstring injuries provides a valuable prognosis [6, 19]. A passive 
straight leg raise deficit, VAS pain at the time of injury, and both 
self and clinician predicted RTP demonstrate moderate associa-
tion with RTP in meta-analyses [6, 20]. Pain on walking for > 1 
day, increased length of palpation tenderness, shorter distance of 
injury from the ischial tuberosity, and greater range of motion defi-
cits have been associated with increased RTP in smaller studies 
[21–24]. Improvements in mid-range strength over the course of 
1 week following injury and maximum pain at the time of injury 
have also been associated with return to play [25].

Within rehabilitation, the progression of clinical variables is often 
used to guide further rehabilitation and return to play. Strength 
in the outer range position, length of pain on palpation, and flexi-
bility (assessed by maximal hip flexion and active knee extension 
(MHFAKE)) have been associated with rehabilitation progression 
and perceived running effort [4]. Clinical testing in the period 
following RTP identifies that those with either pain on palpation, 
reduction in strength, or reduction in range are at an elevated risk 
of reinjury, although abnormalities in these variables may merely 
suggest an inadequately rehabilitated index hamstring injury [7].

There have been no studies to investigate an association between 
initial clinical features and a specific (BAMIC) structural diag-
nosis and none within track and field that assess initial clinical 

presentation and time to RTP in hamstring injuries. The aims of 
this study were to:

•	 Report initial clinical assessment features following a ham-
string injury in track and field.

•	 Review associations between the clinical assessment find-
ings and mechanism of injury, BAMIC, and time to return 
to full training (TRFT).

A secondary aim was to monitor functional milestones during 
the rehabilitation process and their association with the BAMIC 
and TRFT.

2   |   Methods

2.1   |   Inclusion Criteria

The British Athletics medical team provides full-time medi-
cal care to track and field athletes on the elite Olympic world-
class program. Entry to the world-class program is decided by 
high performance coaches, who determine the athlete has po-
tential to win an Olympic or World Championship track and 
field medal. All injury episodes were recorded on the patient's 
Electronic Medical Record. Injuries were eligible for inclusion 
if the athlete had reported an injury to the posterior thigh 
during or immediately after a training session or competition, 
between December 2015 and November 2019. Inclusion also 
mandated: clinical assessment within 3 days, an MRI scan 
within 7 days of the injury, and rehabilitation to be prescribed 
by the British Athletics medical team. This study uses the 
same injury cohort as a published study investigating TRFT 
and BAMIC [10].

2.2   |   Injury Characteristics

The athlete's sex, age, athletic discipline (Short Sprint, Long 
Sprint, Other Power, and Endurance) and date of injury were 
recorded. Injury mechanism (Sprinting, Running, Jumping or 

FIGURE 1    |    British athletics muscle injury classification [8].
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Other), type of running (Straight Line, Bend, Gradual Onset, 
and Other) and MRI characteristics to determine BAMIC 
were also assessed and recorded in a bespoke hamstring in-
jury electronic medical record. Initial clinical assessment was 
completed prior to MRI and BAMIC classification and in-
cluded specified historical and examination findings (Table 1) 
The time to Functional Milestones in rehabilitation was also 
recorded.

2.3   |   MRI Protocol

Each MRI scan was assessed by the same specialist musculo-
skeletal radiologist. The injury was classified using BAMIC 
[8]. MRI scans were performed on a 3 T MRI scanner at one 
of three imaging centers in the UK. All MRI scans included a 
combination of axial, sagittal, and coronal T1-weighted, T2-
weighted fat suppressed/proton density-weighted fat suppressed 
or short T1 inversion recovery (STIR) sequences [10, 27]. MRI 
analysis was performed on McKesson PACS (Picture Archive 
Communication System) 64-bit professional workstation.

2.4   |   Rehabilitation Approach

The rehabilitation program followed the published British 
Athletics hamstring injury management approach [5]. This is a 
functional progressive rehabilitation program that is informed 
by the nature of the structural injury and a shared decision 

making process with the coach and athlete, mindful of the 
performance goals. Athletes were assessed by British Athletics 
physiotherapists and doctors and were monitored throughout 
the rehabilitation process by their lead clinician, who also pre-
scribed rehabilitation daily. Owing to the nature of elite sport 
and clinical practice, blinding to MRI findings was not feasible.

2.5   |   Outcome Measures

The history and examination data from the initial clinical as-
sessment, which always occurred before the MRI, were com-
pared with the BAMIC and TRFT. Time to achieve functional 
milestones (Table  1) and TRFT, defined as completing unre-
stricted sprint efforts in spikes, were recorded in the electronic 
medical record. The milestones within rehabilitation were com-
pared with the initial clinical assessment, TRFT, and BAMIC 
classification.

2.6   |   Statistical Analysis

The relationships between Clinical Examination variables 
and Clinical History and BAMIC categorical variables, TRFT 
and Clinical History categorical variables, and Functional 
Milestone variables and BAMIC categorical variables were 
tested by Kruskal Wallis, with Dunn's post hoc where applica-
ble. Chi Squared Goodness of Fit test (χ2) was used to assess the 
relationship between Clinical History and BAMIC categorical 

TABLE 1    |    Recorded clinical history, examination and milestones.

Data collected Time of assessment

Clinical history

Injury Mechanism (Sprinting, Running, Jumping, Other)
Type of Running (Straight Line, Bend, Gradual onset, Other)
Preceding history of self-reported hamstring cramp/tightness (within prior 
week)
Preceding history of self-reported low back pain (within prior week)
Recent return (within prior week) from other injury
Recent long haul (> 4 h) flight (within prior week)

Initial clinical assessment within 3 days of injury

Clinical examination

Difference in Maximal Hip Flexion Active Knee Extension (MHFAKE)
Pain on Visual Analogue Scale (VAS) on:
Walking, hamstring contraction in 90°hip flexion/90°knee flexion (90–90), 
hamstring long lever bridge and prone curl
Signs/symptoms of neural sensitisation (defined as either/both a reduction 
in range of motion or increase in posterior thigh symptoms in Slump and/or 
Straight Leg Raise)

Initial clinical assessment within 3 days of injury

Functional milestones

Pain free jog
Pain free contraction in all bridging
Pain free sets of bridging (3 × 20)
Full Range of Movement on Passive Knee Extension and SLR
Pain free on full manual muscle testing
Askling H-test [26] pain free & confident
Pain free palpation

Time met milestone during rehabilitation (days)
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variables. Bivariate correlations (Pearson's R) were used to as-
sess the relationships between TRFT and Clinical Examination 
and Functional Milestone variables. A custom Python script was 
used to conduct the statistical analysis, with the significance 
threshold set at p ≤ 0.05, effect size 0.365.

2.7   |   Equity, Diversity and Inclusion Statement

Our study included all identified cases of hamstring injuries in 
the cohort that met the inclusion criteria inclusive of both sexes, 
race/ethnicities, and socioeconomic levels. Although all athletes 
represented the same country, these athletes were diverse in 
ethnicity.

2.8   |   Ethical Approval Information

Ethical approval was granted by University College London eth-
ics panel. Ethics approval number 6476/001.

2.9   |   Patient Involvement

Patients and/or the public were not involved in the design, con-
duct, reporting, or dissemination plans of this research.

3   |   Results

Seventy hamstring injuries in 46 athletes (24 female and 22 
male, 24.6 ± 3.7 years) were included in the study. Most injuries 
occurred in Sprint/Power athletes (100–400 m, long and triple 
Jump) (87%) with 13% in endurance athletes (800 m+). Injuries 
commonly occurred in training (71%) with 24% occurring in 
competition. The most common mechanism was sprinting at 
above 90% maximal velocity (54%) followed by running between 
50% and 90% maximal velocity (27%) and jumping (8%). Other 
mechanisms included an insidious onset, sled pulls, and block 
starting. Average TRFT was 20.0 ± 13 days, and TRFT was asso-
ciated with BAMIC grade and class [10].

3.1   |   Initial Clinical Assessment

3.1.1   |   Clinical History versus TRFT and BAMIC

In 21 injuries (30%), the athlete had symptoms of low back pain 
in the week prior to the injury. In 21 injuries (30%), the athlete 
reported symptoms of hamstring tightness or cramping in the 
week prior to the acute hamstring injuries. Nine (13%) athletes 
who sustained hamstring injuries had recently returned to full 
training from a different injury. Nine (13%) athletes described 
symptoms of fatigue in the week prior to the acute hamstring 
injuries. There was no relationship between symptoms of low 
back pain (χ2 (df = 1, N = 61) = 0.503, p = 0.478), return from re-
cent injury (χ2 (df = 1, N = 61) = 1.40, p = 0.237), recent long haul 
flight (χ2 (df = 2, N = 60) = 0.954, p = 0.621), hamstring muscle 
tightness (χ2 (df = 1, N = 61) = 0.954, p = 0.621) and subsequent 
injury classification. There was a significant association be-
tween hamstring cramp/tightness in the week prior to the acute 

injury and TRFT (p = 0.02). None of the other clinical history 
variables were associated with TRFT. There was no relation-
ship between mechanism of injury (Sprinting > 90%, Running 
50%–90%, Jumping, Other) or type of running (straight line run-
ning, bend running, gradual onset, other) and any of the initial 
clinical assessments. There was no significant difference when 
comparing the mechanism of injury and TRFT.

3.1.2   |   Clinical Examination versus TRFT and BAMIC

Hamstring injuries were associated with an average reduction 
in MHFAKE of 8.4° ± 13.3°. Neural sensitivity on clinical ex-
amination was detected in 18 (26%) injuries. The mean initial 
VAS on walking was 1.2 ± 1.7 and the average initial VAS on 
90–90 hamstring contraction was 3 ± 2.5. There was a signifi-
cant association between increased TRFT and reduced single 
leg MHFAKE (p = 0.04) and increased asymmetry in MHFAKE 
(p = 0.01) relative to the contralateral limb (Table 2). There was 
also a significant increase in TRFT with an increased initial 
VAS on walking (p = 0.001) and VAS on knee flexion contrac-
tion in the 90° hip flexion/90° knee flexion position (p = 0.01) 
(Figure 2). There was no association between TRFT and VAS in 
a long lever bridge position (p = 0.07) or hamstring curl (p = 0.1). 
There was no association between neural sensitivity on exam-
ination and hamstring classification (p = 0.36) There was a sig-
nificant difference in VAS on walking (p = 0.001) and VAS in 
90–90 hamstring contraction (p = 0.02) between the Grade 0 
and Class c injuries (Figure  3). Within the structural injuries 
(excluding grade 0), there was a significant difference in VAS on 
walking between Class c injuries and the other structural inju-
ries (p = 0.04). There was no other clinical assessment difference 
between Class c injuries and the other structural injuries.

3.2   |   Functional Milestones and Classification

Class c injuries took longer to jog pain-free (p = 0.04) and for pas-
sive knee extension to be pain free (p = 0.04), than Class b injuries 
(Figure  4). There was also a significant difference between the 
grade 0 injuries and class b and c injuries on the time taken for 
the Askling H test to be performed successfully. Several functional 
milestones in rehabilitation were significantly associated with 

TABLE 2    |    Association between TRFT and initial clinical markers.

Comparison (TRFT vs. Test) p R2

VAS Walk* 0.000 0.340

Difference in MHFAKE* 0.008 0.109

VAS 9090* 0.012 0.108

MHFAKE Inj* 0.042 0.073

VAS LLB 0.077 0.060

VAS Prone Curl 0.100 0.051

MHFAKE NI 0.763 0.002

Note: *p < 0.05.
Abbreviations: Inj, injured; LLB, long lever bridge; MHFAKE, maximum active 
knee extension; NI, non-injured; TRFT, Time to full train; VAS, visual analogue 
scale.
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overall time to return to full training (Figure 5). These were time 
to return to pain free jogging, pain free and full power on manual 
muscle testing, Askling H-test negative, full range of movement 
in straight leg raise and pain free bridging (p < 0.01). Pain free pal-
pation (p = 0.69) and successful completion of endurance bridging 
tests (p = 0.2) were not associated with TRFT (Table 3).

4   |   Discussion

This study found a statistically significant association between an 
increase in VAS on walking and on hamstring contraction in the 
90–90 position in class c tendon injuries. However, there was no 
association with any other clinical history or examination finding 
and there was considerable overlap in clinical assessment between 
the injury classifications. Previous work in other sports, identified 
an increase in flexibility deficit and decreased hamstring strength 
in injuries involving the tendon [3]. As with the current study, there 
was substantial overlap in clinical findings between the injury 

categories. As the detection of hamstring injuries that involve the 
intramuscular tendon is of importance to clinicians and athletes 
in sport, due to the increase in TRFT and potential reinjury risk 
if not detected and appropriately rehabilitated [16, 29], this study 
provides some justification for the use of imaging in accurately 
diagnosing hamstring injuries, and in particular the involvement 
of tendon tissue. Currently MRI is the gold standard to detect in-
tramuscular tendon injury, although recent work describing ultra-
sound characteristics of these injuries may be helpful for clinicians 
with limited access to MRI [29, 30].

During rehabilitation, injuries to the intramuscular tendon 
were associated with an increase in time to achieve pain free 
jogging, pain free passive knee extension and the Askling H 
Test to be performed without inhibition. Differences in healing 
times for specific tissues have been described previously [5]. 
It is therefore not surprising that these intramuscular tendon 
injuries demonstrate slower clinical and functional improve-
ment. Research suggests these intramuscular tendon injuries 

FIGURE 2    |    Spread of initial clinical assessment markers and TRFT.

FIGURE 3    |    Initial clinical markers and relationship to BAMIC. y axis is either degrees in relationship to MHFAKE, or severity of pain in relation 
to VAS.
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may benefit from differences in management approach when 
considering reinjury risk [5, 10]. Clinical and functional vari-
ables associated with TRFT included time to achieve pain free 
jogging, time to achieve full power on manual muscle testing, 
pain free bridging and a negative Askling H test. These may 
be helpful to guide progression during rehabilitation [4, 26]. 
Resolution of palpation pain was not associated with TRFT 
and, in contrast to the findings of a previous study, [10] was 
not associated with reinjury.

Deficits in the initial MHFAKE, pain VAS on walking and 
contraction in the 90–90 position were significantly asso-
ciated with an increased TRFT. Our results are therefore in 
agreement with previous studies and systematic reviews. The 
MHFAKE has previously been identified as correlating with 
rehabilitation progression, whilst initial pain VAS scores have 
been associated with TRFT [4, 6]. The findings of this study 
support that these assessments are likely to be useful clinical 
tests as part of an initial examination, as well as to monitor 
progression in rehabilitation.

Lumbo-pelvic function is an important consideration regarding 
hamstring injury etiology, and a potential association between 
spinal pathology and hamstring injury has been described 
[5, 31–34]. In this study, 30% of injured athletes reported back 
pain in the week prior to their acute hamstring injury. There 
are a number of mechanisms by which spinal pain or pathol-
ogy could impact on hamstring muscle function and injury risk. 
These include nerve root dysfunction and subsequent hamstring 

inhibition [34], and muscle pain, or dysfunction, leading to aber-
rant running mechanics and lumbo-pelvic function which could 
increase strain on the hamstring musculature [35–38]. The ap-
propriate investigation and management of back pain may mod-
ify subsequent hamstring muscle injury risk and this is likely to 
be an important area for further work.

In 30% of injuries within this study, athletes reported hamstring 
tightness or cramping in the week prior to the acute hamstring 
injuries. There was an association between this and increased 
TRFT, suggesting that this sub-group of injuries had a poorer 
prognosis or were of increased severity. Hamstring tightness or 
cramping should always be thoroughly assessed and may war-
rant modification of training to reduce hamstring injury risk. 
Hamstring injuries can present insidiously and with low grade 
symptoms [10]. It is certainly possible that some of the athletes 
reporting prior hamstring tightness or cramping episodes had 
actually sustained, unrecognized to them, small structural mus-
cle injuries which were then exacerbated at the time of the rec-
ognized and clinically presenting acute hamstring injuries. The 
relationship between the common presentation of hamstring 
tightness or cramping, and subsequent hamstring injury risk re-
quires further investigation.

4.1   |   Limitations

The BAMIC rehabilitation approach standardized the prin-
ciples of rehabilitation while enabling an individualized 

FIGURE 4    |    Functional milestones in relationship to BAMIC and time taken in days to achieve.
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rehabilitation program, informed by previous work in this 
elite track and field group. That the medical staff were work-
ing full time within the sport and reporting within a perfor-
mance team, gives confidence to the recording of the clinical 
assessments and an accurate TRFT. As the BAMIC rehabil-
itation is linked to the structural injury the rehabilitation 
team was not blinded to the MRI results resulting in risk of 
bias. Different rehabilitation approaches may have impacted 
on the time to reach functional milestones However, the ini-
tial clinical assessment was performed and recorded prior to 
radiological investigation and therefore was independent of 
information provided by the BAMIC. The paper does have 
a small sample size which may impact on its power. This is  
often a limitation in studies carried out in elite sporting 
populations.

FIGURE 5    |    Spread of days taken to achieve functional milestone and TRFT.

TABLE 3    |    Association between TRFT and time taken to achieve 
functional milestones.

Comparison (TFFT vs. Test) p R2

Slow Jog Pain Free* 0.000 0.497

Pain free full power on manual muscle* 0.000 0.295

Askling Negative* 0.000 0.291

Full ROM on PKE and SLR* 0.001 0.238

3 by 20 SL Bridge pain free 0.202 0.143

Sub Max contraction pain free at 15/90* 0.009 0.126

Pain Free Palpation 0.692 0.003

Note:*p = 0.05.
Abbreviations: PKE, passive knee extension; SL, single leg bridge; SLR, straight 
leg raise.
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4.2   |   Perspective

This study demonstrates that hamstring injuries that involve 
the tendon are challenging to detect clinically. More severe pain 
(VAS) on walking and on hamstring contraction and a prolonged 
time to jog pain free or, to return may give a clinical suspicion 
of these injuries but imaging remains important in their diag-
nosis. The MHFAKE and initial VAS scores may give prognos-
tic indication and should be evaluated in the initial assessment 
of hamstring injury. Clinicians should further investigate and 
appropriately treat athletes who present with hamstring cramp-
ing/tightness or low back pain in proximity to sprinting expo-
sure during training and competition.

Detection of hamstring injuries that involve the tendon is chal-
lenging clinically. If this is important for the athlete and in reha-
bilitation prescription, imaging should be performed.
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