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ABSTRACT
Objectives  Proximal hamstring tendon avulsion injuries 
are severe and potentially career-threatening for elite 
athletes. Until now, no data have been published on the 
non-operative treatment of this injury in elite athletes. 
Therefore, the objective of this case series was to describe 
return to performance in elite athletes after non-operative 
treatment of full-thickness proximal hamstring tendon 
avulsion injuries as well as provide detailed description of 
the rehabilitation process and provide a mechanobiological 
hypothesis on processes leading to successful outcomes.
Methods  In this retrospective case series, we included 
three elite athletes with four MRI-confirmed acute proximal 
hamstring tendon avulsions of the conjoint tendon and/
or the semimembranosus tendon who opted for non-
operative treatment following shared decision-making, 
consisting of an individualised rehabilitation programme. 
The primary outcome was time to return to performance 
(in weeks). Secondary outcomes were time to and rate of 
return to competition, rate of return to performance and 
re-injury rate.
Results  Four proximal hamstring tendon avulsions 
in three elite athletes were included. All elite athletes 
returned to performance within 8–33 weeks, which for 
three out of four cases was at Olympic (gold medal) level.
Conclusion  This (pilot) case series indicates that non-
operative treatment for full-thickness proximal hamstring 
avulsion injury can result in return to performance in elite 
athletes. Non-operative treatment may therefore be a 
viable treatment option in selected (elite) athletes.

INTRODUCTION
Proximal hamstring tendon avulsions (PHA) 
are potentially career-threatening for elite 
athletes.1–5 There is debate regarding oper-
ative indications in active, middle-aged 
patients. Systematic reviews reported supe-
rior (patient-reported and clinical) outcomes 
following operative treatment.1 5–7 However, 
there is evident publication bias as these 
systematic reviews have included a low number 
of non-operative patients, hindering a proper 
comparison.8–10 Adding to the debate, recent 

studies, including one randomised study, 
stated that non-operative treatment is non-
inferior to operative treatment, suggesting 
that it is a viable treatment option.4 11 12

Until high-quality evidence is available 
on treating PHA in the general population, 
decision-making remains challenging.4 This 
challenge is even greater in elite athletes. 
Little data exists on operative outcomes in 
elite athletes, and virtually no non-operative 
outcomes are published, rendering a compar-
ison to optimise decision-making impossible.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Clinical and sports outcomes on non-operative 
treatment for acute full-thickness proximal ham-
string tendon avulsions in elite athletes are scarcely 
reported.

WHAT THIS STUDY ADDS
	⇒ With strict monitoring, repeated physical and radio-
logical assessment and a well-experienced medical 
team, elite athletes could return to performance in a 
relatively short time.

	⇒ The efficacy of the applied rehabilitation programme 
presented in this study suggests that it successfully 
promoted the temporal sequence of processes in 
tendon healing which are key in the regeneration 
process.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Non-operative treatment for acute full-thickness 
proximal hamstring tendon avulsions is a viable 
alternative treatment option for motivated elite ath-
letes and could therefore be considered as a treat-
ment option for future cases in elite athletes after 
thorough counselling.

	⇒ The detailed working method and mechanobiolog-
ical considerations could be used to generate hy-
potheses for future research on the tendon healing 
process.
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Our objective was to describe return to performance 
(RTP) outcomes after non-operative treatment for elite 
athletes with an acute full-thickness PHA in a retrospec-
tive pilot case series, provide a detailed description of the 
rehabilitation process and discuss a mechanobiological 
hypothesis on processes leading to successful outcomes.

METHODS
Participants
Three elite athletes treated non-operatively for an MRI-
confirmed full-thickness PHA of one or both of the 
proximal hamstring tendons were included. A patient was 
categorised as an elite athlete when he/she performed 
services in a professional athletic event for wages or other 
remuneration. The demographics of the included elite 
athletes can be found in the results section.

Patient and public involvement
No patients were involved in our study design.

Shared decision-making
Operative treatment is considered the standard treat-
ment in elite athletes.3 This assumption is supported 
by the lack of literature for non-operative outcomes in 
elite athletes, but the risk of publication bias should be 
considered. Non-operative treatment has traditionally 
been viewed as doing ‘less than surgery’. In elite athletes, 
where athletic and economic stakes are high, proceeding 
to operative treatment for severe injuries seems straight-
forward. We underline that this is a reflection of current 
clinical practice patterns rather than evidence-based 
practice.

Operative reattachment of the avulsed proximal 
hamstring tendons is performed with suture anchors, 
according to the current standard.13

Operative treatment and postoperative rehabilitation 
lead to prolonged absence from sports participation. 
Extended absence may result from planning of surgery, 
initial protective phases of the rehabilitation programme 
and/or (e.g., brace) immobilisation. This prolonged 
absence due to surgery might be unacceptable in situa-
tions where an athlete aims to participate in a high-tier 
event (i.e., Olympic games) that is scheduled sooner than 
the expected return to play (and performance) after 
operative treatment. In such a situation, discussion and 
shared decision-making are essential, ideally including 
the athlete and their entourage. Shared decision-making 
means that treatment options (operative vs non-operative 
treatment) should be discussed with the patient, including 
expected short- and long-term advantages and disadvan-
tages/risks, expected return to sport time frames and 
short- and long-term athlete goals should be weighed. In 
athletes in these specific situations (prolonged absence 
due to surgery), non-operative treatment was discussed 
as an alternative treatment option with a chance of being 
game-ready in time for said event(s). In our clinic, the 
treatment choice was made by the athlete and a team 
of treating clinicians including an orthopaedic surgeon 

(GK) with over 15 years of expertise in treating muscle/
tendon injuries in elite athletes.4

Non-operative treatment and interim analyses
After decision-making, elite athletes were referred to a 
specialised physiotherapist with extensive experience in 
treating PHA. Rehabilitation was started immediately 
after confirmation of the diagnosis.

Approximately 52% of non-operatively treated middle-
aged patients will regain continuity of the proximal 
hamstring tendons.4 To monitor the desired (sponta-
neous) restoration of proximal continuity, all included 
elite athletes were strictly monitored once every 2–3 weeks 
in our outpatient clinic. These follow-up appointments 
included MRI examination to assess radiological progres-
sion of tendon healing. Together with the athlete and 
treating physiotherapist, clinical progression through the 
rehabilitation process, physical examination including 
strength/flexibility testing and radiological variables 
were weighed.

With this strict monitoring, the option to convert 
to operative treatment within 6–8 weeks after injury 
remained available. A previous study demonstrated4 no 
difference in clinical outcomes between patients who 
underwent surgery within 2 weeks versus within 6–8 
weeks after injury. Therefore, we used a cut-off period of 
6–8 weeks to evaluate progression of the rehabilitation. 
If the expected progression criteria were not met within 
this time frame, conversion to operative treatment could 
be discussed.

Individualised rehabilitation programme
To start the rehabilitation, a programme was set-up that 
mimicked athletes’ normal week in terms of physiolog-
ical and metabolic demands. In order to not lose time, 
emphasis was placed on halting decline in general and 
specific fitness. Personal physical goals were defined 
based on the athletes’ pre-injury levels of strength and 
endurance based on Global Positioning System data. 
With this data, a benchmark for return to sports was set.

The rehabilitation programme started on the day of 
the injury or very shortly after on confirmation of the 
diagnosis. The athlete started with heavy loading, as early 
and as much as possible to maintain fitness levels, address 
central and local inhibition and build tissue capacity. On 
a daily basis, two sessions were executed with a 6-hour 
break in between. This is to maximise upregulation of 
collagen synthesis and to avoid central fatigue. Clin-
ical testing was repeated pre-training and post-training 
to follow reactivity and progress accordingly. The aim 
of every session was to create a pain-free line of force 
through the injured area to upregulate and give direc-
tion to collagen synthesis.

After fulfilling isometric and concentric exercises pain-
free, running and sprinting drills were incorporated after 
being non-reactive to multidirectional single-leg hops. 
Sprinting drills, bounds and skips approach angular 
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velocities reached in sprinting in ankle, knee and hip 
without building horizontal velocity.

With the athlete able to perform endurance running 
sessions, normal week loads at lower running speeds were 
built. With increasing strength values, running speeds 
were gradually increased and acceleration/deceleration 
and change of direction were incorporated. In these 
cases, the athlete was able to run within 2 weeks, reaching 

80% of pre-injury maximum velocity around day 30. 
In table  1 a schematic overview of the rehabilitation 
programme for elite athletes with PHA can be found.

Physical examination in outpatient clinic
During follow-up in the outpatient clinical strength tests 
with the handheld dynamometer, the Straight Leg Raise 
(figure  1A), Active Knee Extension Test (figure  1B), 

Table 1  A schematic overview for the individualised rehabilitation programme for elite athletes with proximal hamstring 
tendon avulsions. For a more detailed overview of the build-up scheme for rehabilitation in week 1, we refer to online 
supplemental appendix A

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Strength Gym 4× Gym 4× Gym 4× Gym 4× Gym 4× Gym 3×

Circuit 4× Circuit 3× Circuit 2× Circuit 2× Circuit 2× Circuit 2×

 � Hamstring Long holds, low jerk Long and short holds, 
medium jerk

Long and short holds, 
medium jerk

Holds and pushes, 
high jerk

Holds and pushes, 
high jerk

Long and short 
holds, medium and 
high jerk

Isometric, multiple 
angles

 � Isometric, multiple 
angles

Isometric, multiple 
angles

Isometric, multiple 
angles

Isometric, multiple 
angles

Isometric, multiple 
angles

 � Synergists Hip extension Hip extension Hip extension Hip extension Hip extension Hip extension

Isometric, short 
lever only

Isometric and 
concentric, short lever 
only

Isometric and 
concentric, short lever 
only

 � Isometric and 
concentric, long 
lever

 � Isometric and 
concentric, long 
lever

Isometric and 
concentric, long lever

Combined hip 
extension and knee 
flexion

Combined hip 
extension and knee 
flexion

Combined hip 
extension and knee 
flexion

Combined hip 
extension and knee 
flexion

Combined hip 
extension and knee 
flexion

Combined hip 
extension and knee 
flexion

Isometric, short 
lever only

Isometric, long lever Isometric, long lever Isometric and 
concentric, long lever

Isometric and 
concentric, long lever

Isometric and 
concentric, long lever

 � Lateral force system Restricted ROM 
squat variations

Restricted ROM squat 
variations

Full ROM squat 
variations

Full ROM squat 
variations

Full ROM squat 
variations

Full ROM squat 
variations

Accessory strength 
work

Restricted ROM 
Olympic lifts

Restricted ROM 
Olympic lifts

Full ROM Olympic 
lifts

Full ROM Olympic 
lifts

Full ROM Olympic 
lifts

LOAD: HIGH Accessory strength 
work

Accessory strength 
work

Accessory strength 
work

Accessory strength 
work

Accessory strength 
work

LOAD: HIGH LOAD: HIGH LOAD: HIGH LOAD: HIGH LOAD: HIGH

Running Running 2× Running 3× Running 5× Running 5× Running 5× Running 5×

Ankle dominant 
plyo’s

Jog, easy pace Build volume<50% max 
velocity

Build volume 
<50% max velocity

Maintain baseline 
<50% max velocity

Maintain baseline 
<50% max velocity

Running drills Ankle and knee 
dominant plyo’s

Increase comfortable 
running speed

Build volume 50–
70% max velocity

Maintain baseline 
50–70% max velocity

Maintain baseline 
50–70% max velocity

Running drills Start slow accel/decel Build volume slow 
accel/decel and COD

Build volume 70–
85% max velocity

Maintain baseline 
70–85% max velocity

Stairs Start increasing 
intensity accel/decel

Build volume slow 
accel/decel up to 
baseline

Build volume 85–
95% max velocity

Build volume fast 
accel/decel

Maintain baseline 
slow accel/decel

Build volume fast 
accel/decel up to 
baseline

 � Accessory speed 
preparation

Ankle, knee and hip 
dominant plyo’s

Ankle, knee and hip 
dominant plyo’s

Ankle, knee and hip 
dominant plyo’s

Ankle, knee and hip 
dominant plyo’s

Sprinting drills Sprinting drills Sprinting drills Sprinting drills

Resisted accel/decel Resisted accel/decel Resisted accel/decel Resisted accel/decel

Resisted sprints Resisted sprints Resisted sprints

Alternative 
conditioning

Alternative 2× Alternative 2× Alternative 1×

Pool Pool Assault bike

Assault bike Assault bike

ROM, Range of Motion.

https://dx.doi.org/10.1136/bmjsem-2025-002468
https://dx.doi.org/10.1136/bmjsem-2025-002468
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Maximum Hip Flexion Active Knee Extension Test 
(figure 1C), ability to develop tension on the hamstrings 
and presence/extent of pain on palpation were used for 
monitoring the progression of the elite athlete.

MRI examination
The MRI protocol can be found in online supplemental 
appendix B.4 MRIs were scored by experienced musculo-
skeletal radiologists.

At baseline, MRI scoring of the proximal hamstring 
complex included bone-tendon/tendon continuity, 
direct tendon retraction, presence and size of haema-
toma/seroma, presence of organising scar tissue in the 
(lateral) haematoma/seroma wall. Proximal continuity 
was scored using the dropped ice cream sign.14 Tendon 
retraction was measured via the direct measurement 
method.14 As part of the standardised assessment, the 

Figure 1  A schematic overview of the tests during physical examination in the outpatient clinic. (A) Is the Straight Leg Raise 
Test; (B) is the Active Knee Extension Test and (C) is the Maximal Hip Flexion Active Knee Extension test. Images from the 
Aspetar Hamstring Protocol were used after reprint permission from Aspetar (www.aspetar.com).

https://dx.doi.org/10.1136/bmjsem-2025-002468
https://dx.doi.org/10.1136/bmjsem-2025-002468
www.aspetar.com
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intramuscular tendons and musculotendinous junctions 
were evaluated for oedema and focal disruption.

We used sequential MRIs (figure  2) to assess tendon 
healing tendency in elite athletes. It should be noted that 
this is eminence rather than evidence-based practice. 
On these interim MRIs, we essentially look for decrease 
of oedema/seroma, and formation of fibrotic tissue in 
the lateral haematoma/seroma wall that develops/
remodels into a longitudinal structure connecting origin 
and tendon stump (ie, ‘neotendon’). As part of this 
process, bridging of the ‘gap’ is seen, with recovery of 
tendon tension, signified by reduction of tendon wavi-
ness. Interim findings, along with clinical parameters, 
were shared/discussed with treating physiotherapists 
to further tailor the rehabilitation programme to the 
healing phase.

Return to play
With the athletes’ pre-injury levels in mind, they were 
cleared for return to play if specific criteria were met. 
Before returning to play, the athlete was able to fulfil 

the training sessions without extensive reaction (i.e., no 
muscle soreness longer than 24 hours). The maximum 
deficit in strength should be no more than 15% in 
comparison to the contralateral leg. This is an arbitrary 
threshold that reflects the ‘symmetry’ of strength. The 
underlying rationale is that for certain activities or reha-
bilitation, sufficient hamstring strength (or recovery) is 
required as a condition for progress. This threshold was 
selected based on the study by Tol et al,15 in which 67% 
of the clinically recovered hamstring injuries showed at 
least one hamstring isokinetic testing deficit of more 
than 10%. This implies that normalisation of isokinetic 
strength may not be essential for a successful return to 
play. Furthermore, the athlete should be able to run 
one and a half times the average distance covered at 
pre-injury level without reaction. Proximal continuity 
and minimal oedema on MRI were radiological criteria 
that should be met before the athletes were cleared for 
return to play.

Figure 2  MRI series of an elite athlete. In the coronal series (1A/B/C) the healing process of a full-thickness injury of the free 
tendon of the semimembranosus muscle is displayed. Over time, a decrease in seroma/haematoma is seen in combination 
with forming proximal continuity indicated by the white arrow in 1C. In the second coronal series (2A/B/C) the healing process 
of the conjoined tendon of the long head of the biceps femoris and the semitendinosus is displayed. In 2A there is waviness 
of both the biceps femoris and the semitendinosus tendon, which is a sign of loss of tension suggesting a full-thickness 
disruption of the tendons. Over time there is formation of fibrotic tissue in the haematoma/seroma wall. In 2C tendon thickening 
and reduction of waviness are displayed as signs of tendon healing and recovery of tension. Furthermore, in the axial series 
(3A/B/C) the healing process of the full-thickness injury of the conjoint tendon is shown. In 3A and 3B, the white arrows 
show continuity of the tendons, the red arrows indicate the loss of proximal continuity of the conjoined tendon at the ischial 
tuberosity. In 3C the growth of a neotendon, adjacent to the semimembranosus tendon, is displayed.
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Data collection
The data collection was performed retrospectively by 
one researcher, who contacted the elite athletes and 
the treating physiotherapists to complete a standardised 
questionnaire with demographic data, return to sport 
outcomes and data on (re-)injuries (online supplemental 
appendix C).

Return to sport outcomes
The primary outcome was the RTP time in weeks. The 
RTP time in weeks is the number of weeks from injury 
until the time that the athlete is capable of performing at 
or above his/her pre-injury performance level after reha-
bilitation. Depending on the sport, variables like strength, 
speed and agility tests were recorded and personal match 
statistics were analysed and compared with pre-injury 
measurements. The return to sports continuum is divided 
into four stages: the on-field rehabilitation (OFR), return 
to training (RTT), return to competition (RTC) and 
finally RTP.16 OFR is defined as the time from injury until 
the athlete is capable of resuming (individual) reha-
bilitation on the training pitch. RTT is the number of 
weeks before the athlete finishes the OFR and is capable 
of participating in team training (adapted or fully). The 
RTC is the number of weeks from injury until the time 
that the athlete is capable of participating in competi-
tive matches without the necessity to be able to play at 
pre-injury performance level.16 17 We recorded the RTP 
rate, which is the percentage of athletes that were able 
to perform at or above his/her pre-injury performance 
level after rehabilitation.

Re-injuries
A re-injury was defined as a new MRI-confirmed 
hamstring injury in the affected ipsilateral hamstring 
tendon(s) during or after completing the rehabilitation 
programme.

Statistical analysis
Due to the small sample size, no statistical analysis was 
performed. Data are presented using descriptive statis-
tics.

RESULTS
Demographics
We included four full-thickness PHA in three elite 
athletes. One female athlete incurred two separate inju-
ries; 136 weeks after her first injury, she obtained the 
second, so she was included twice. An overview of the 
patient demographics and return to sport outcomes is 
presented in table 2.

Re-injuries
We recorded one re-injury. One athlete suffered another 
full-thickness injury of both the conjoint and the semi-
membranosus tendon 4.5 years (234 weeks) after her 
index injury. She got injured after a contact in full sprint 
that forced her into an abduction side step during full Ta
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extension. She had been performing at Olympic (gold 
medal) level the entire period after her first injury.

DISCUSSION
This pilot case series showed that non-operative treatment 
for acute PHA is a viable and safe alternative treatment 
option for elite athletes. With strict monitoring, repeated 
physical and radiological assessments and an experi-
enced medical team, elite athletes can RTP in a relatively 
short time without the surgical complications risks, while 
maintaining the ability to convert to operative treatment 
within 6–8 weeks if indicated.

Return to performance rate
Although this pilot study consisted of a small group of 
elite athletes, all four cases returned to their pre-injury 
performance level. Due to the small sample size, find-
ings cannot be extrapolated to all elite athletes. However, 
it highlights that non-operative treatment provides an 
opportunity for rapid RTP with low complication risk.

In a systematic review,7 221 recreational and compet-
itive athletes were identified, of which 24 athletes were 
treated non-operatively with an RTP rate of 54%. In their 
operatively treated group of 197 athletes, a 99% RTP rate 
within 1 year of treatment was described. These results 
appeared to indicate that surgery is necessary for return 
to sporting activities. The difference in their results prob-
ably lies in the fact that no elite athletes were included. 
Elite athletes most probably have a different metabo-
lism more suited for quick regeneration of tissue; elite 
athletes will also have a different mindset that allows an 
all-in rehabilitation period to facilitate more efficient 
healing and RTP and an additional factor is that most 
elite athletes will have better facilities for a 24–7 rehabili-
tation programme to achieve optimal outcomes.

Time to return to performance
Time to RTP level was a median 13 weeks. An expla-
nation for the relatively short RTP duration is that we 
started rehabilitation directly after injury and tried to go 
through all phases of healing18 19 (inflammation, prolif-
eration, differentiation and remodelling phase). Parallel 
to our rehabilitation programme, without interruption, 
an operation will add a new trauma and therefore from 
operation a patient will have to go through all the phases 
of healing again, this will delay the RTP. Also, operatively 
treated patients will have limited mobilisation and weight 
bearing postoperatively. These factors could contribute 
to a prolonged recovery period postoperatively.

Re-injuries
We noted one re-injury in our study.

Only one study reported re-injuries following PHA in 
elite athletes.20 No re-injuries were reported in two oper-
atively treated elite athletes. One re-injury was reported 
in a competitive athlete, for which surgical repair 
followed. It should be mentioned that this study had a 
mean follow-up of 20 months. In our study, the re-injury 

occurred after 4.5 years and was at a different anatomic 
level as was the index injury. The injury occurred after an 
adequate contact trauma as mentioned in the results. No 
other studies were published that reported complications 
in elite athletes with full-thickness PHA, neither for non-
operative treatment, nor for operative treatment.

Clinical/radiological assessment
The cut-off period of 6–8 weeks that is used to evaluate 
progression of rehabilitation was based on the systematic 
review of van der Made et al5 and national guidelines for 
PHA. Reaching definitive conclusions on tendon healing 
on MRI within this period is challenging. It should be 
mentioned that the frequency of imaging (every 2–3 
weeks) was not evidence-based but eminence-based. It 
is reasonable to anticipate that within 2–3 weeks, both 
clinical and radiological parameters will demonstrate 
progression. The extent of this progression guided the 
decision-making process regarding the continuation 
of non-operative treatment or potential conversion to 
surgical intervention.

Tendon healing hypothesis
The fast recovery and return to play of the non-operatively 
treated elite athletes raises the question of how the 
rehabilitation programme promoted the restoration 
of proximal continuity of the tendons and functional 
recovery of the hamstrings. Although not proven for our 
cases, it is expected and highly conceivable that a key 
factor in the rehabilitation programme is that from the 
day of injury the programme aims to apply mechanical 
loads onto the affected muscles as early and as much 
as required to maintain fitness levels. The mechanical 
loading has likely been critically involved in promoting 
the regeneration during the different phases of tendon 
and muscle regeneration.

Muscle and tendon regeneration after severe injury 
consists of four phases, that is, the inflammation, prolifer-
ation, differentiation and remodelling phase.18 19 Acutely 
after the rupture, the local arterial and venous circulation 
will be damaged leading to a haematoma which could 
develop into a seroma. With the damage to the vascular 
system, immune cells such as monocytes and neutrophils 
will enter the site of injury and start to proliferate and 
transform into a pro-inflammatory phenotype, which will 
enable them to remove the debris of the injured tendi-
nous tissue. The second phase consists of the activation 
and proliferation of (myo)fibroblasts, tenocytes and 
muscle stem cells to increase their number. Since these 
cells are the collagen-producing cells, their activation will 
lead to the synthesis of collagen and non-collagen extra-
cellular matrix proteins as building blocks for the new 
tendon to be formed.

Key in the optimisation of restoration is the anatomical 
and biomechanical situation acutely after the injury and 
the graded mechanical loading of the muscle bellies, fascia 
and tendonous structures during rehabilitation. With a 
PHA, these muscles lost their tendinous connections with 
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their origins at the ischial tuberosity and as such resistance 
to their shortening. If the tendons were the only struc-
tures via which the muscle fibres could have transmitted 
forces to the muscle origins at the bone structures, the 
muscle fibres would have become maximally shortened 
and would not be able to exert forces anymore according 
to their parabolic length-force relation.21 However, since 
muscle fibres are embedded in a honeycomb network 
of connective tissue sheets (ie, fascia), which is what 
connects the muscle fibres to the fascia between muscles 
(ie, epimysium) and to the intermuscular septa between 
compartments, muscles can transmit their force laterally 
to their neighbouring structures by exerting shear forces 
onto these fascia.22 This force transmission is referred 
to as myofascial force transmission and will cause shear 
deformations in the fascia surrounding the muscle belly 
and will provide resistance to shortening of the muscle 
belly.22 This prevention of shortening is likely crucial for 
the process of muscle and tendon regeneration as myofas-
cial connections of the muscles will allow the application 
of mechanical loads onto the muscle belly as well as on 
the sleeve of fascia surrounding the ruptured proximal 
tendon and the seroma. There are two potential mech-
anisms via which myofascial forces transmission between 
muscle belly and fascia surrounding the muscle, which 
are likely crucial for the regeneration of muscle and 
tendon injury. First, mechanical loading of the muscle 
belly will prevent muscle atrophy and shortening of the 
muscle fibres (ie, loss break down of contractile filaments 
in parallel and in series, respectively). Unloading of skel-
etal muscle by disuse or immobilisation in a shortened 
position will reduce protein synthesis and stimulate 
protein breakdown.23 These processes would make the 
muscle weaker and shorten the length range of force 
exertion.21 24 The other reason is that the mechanical 
loading of the fascia will stimulate the regeneration of 
the tendon by promoting the phases of regeneration. 
Mechanical loading of macrophages can enhance their 
pro-inflammatory activity and phagocytosis,25 26 which 
will enhance the clearance of cell and collagen debris. 
Activated macrophages will produce signalling molecules 
that promote the activation and proliferation of mesen-
chymal stem cells and collagen-producing cells such as 
(myo)fibroblasts and tenocytes.18 19 Simultaneously, these 
embedded cells in the fascia will be subjected to mechan-
ical loads and in response to this loading will produce 
and secrete growth factors enhancing the synthesis of 
collagen.27 28 The MRI imaging showed that over time 
there was formation of fibrotic tissue in the seroma wall. 
The thickening of the connective tissue at this location is 
indicative of the start of collagen production within the 
fascia surrounding the tendons and muscles. Moreover, 
the reduction of waviness in the imaging is displayed as 
a sign of tendon healing and recovery of tension. These 
observations support the notion that the fascia are the 
sites where tendon regeneration is initiated.

Key in the regenerative process is that the pro-
inflammatory state of macrophages will switch towards an 

anti-inflammatory state which will enhance the produc-
tion of the highly potent transforming growth factor β 
(TGF-β) for collagen synthesis (myo)fibroblasts.29 30 
Here, the mechanical loading of the pro-inflammatory 
macrophages as well as that of the other cells may be a 
critical factor as well, as this will foster the expression of 
insulin-like growth factor 1 (IGF-1) and interleukin-4,25 30 
which will promote immunological switch in macrophage 
phenotype30 31 resulting in elevated local TGF-β levels.32 
Note that overload and associated renewed damage 
should be prevented as this will prolong the proliferation 
of cells, and impede the collagen production by anti-
inflammatory macrophages.

The efficacy of the applied rehabilitation programme 
presented in this study suggests that it successfully 
promoted the temporal sequence of processes which 
are key in the regeneration process. The graded loading 
of the hamstring muscles guided discomfort has likely 
provided the basis for reinforcement of the myofascial 
linkages between the muscle belly and the extramuscular 
fascia and subsequent activation of the immune cells and 
collagen-producing cells. Noteworthy is that the success 
could also be related to the fact that elite athletes are 
physically well-trained and therefore their fascia were 
anatomically adapted to withstand the myofascial loads 
and transmit forces onto the fascia and seroma/haema-
toma. Another factor that could have contributed to 
the success is that the elite athletes are endocrinologi-
cally primed (ie, high serum levels of growth factors like 
IGF-133–35), hence able to respond by early initiation 
and effective progression of the phases of regeneration. 
Future research should focus on individual differences 
in the morphology of anatomical structures including 
the interaction between muscle and fascia as well as in 
the spatial-temporal molecular processes. Such insights 
will help to optimise the personalised rehabilitation of 
patients with PHA even further.

Clinical implications
We consider these findings clinically relevant as they 
provide data on non-operative outcomes in elite athletes, 
a detailed description of the rehabilitation process and 
underlying mechanobiological theory. With a 100% 
rapid RTP rate, even at Olympic gold level in pivoting 
sports, this study shows promising results in treating this 
severe injury non-operatively. Nevertheless, it remains 
a pilot study as the sample size was small. Additionally, 
it should be mentioned that non-operative treatment is 
still a highly active process with strict monitoring and 
follow-up. If treatment for PHA in elite athletes continues 
to shift towards non-operative approaches, the healthcare 
system must be adequately equipped to ensure compre-
hensive monitoring and long-term support for these 
high-demand elite athletes.

Strengths and limitations
Our study is the first to report RTP outcomes in non-
operatively treated elite athletes. Such data is scarce as 
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most elite athletes are treated operatively due to expected 
superior outcomes and considering the athletic/
economic stakes. Our data indicate that further research 
on (optimising) non-operative outcomes is possible and 
warranted. Hence, the medical staff was able to manage 
athletes’ expectations and demands in the rehabilitation 
process before returning to sports.

Obvious limitations of this study were the retrospective 
study design and the small sample size. As a result, no 
formal statistical analysis was done, firm conclusions can 
therefore not be drawn.

Future prospective studies with large sample sizes in 
elite athletes with PHA are therefore encouraged.

CONCLUSION
This pilot case series indicates that non-operative treat-
ment can result in successful RTP in selected elite athletes 
with a PHA injury. Using an individualised rehabilitation 
protocol with clinical progression criteria in combination 
with strict clinical and radiological monitoring, the elite 
athletes returned to performance in a relatively short 
time frame without complications.

For evidence-based indications, large studies investi-
gating long-term outcomes are required to determine 
whether non-operative treatment provides acceptable 
outcomes in elite athletes. Furthermore, the detailed 
working method and mechanobiological considerations 
could be used to generate hypotheses for future research 
on the healing process of (hamstring) tendon injuries.
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