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Abstract

Although muscle injuries represent the most frequent injury in professional football, isolated complete
distal ruptures of the rectus femoris (RF) muscle are rare, and there is no consensus on their treatment and
return to play (RTP). In this article, we report a clinical case of successful non-surgical management of an
RF grade 4c muscle injury in a professional football player, in which the athlete was able to RTP 21 weeks
after the injury, had no re-injury >1 year after RTP, and is playing at an elite level in the Portuguese Football
First League.
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Introduction

Top-level football players typically sustain two injuries per season on average, leading to a combined 50
injuries within a squad of 25 players [1]. According to a report from the international insurance company
Howden Group Holdings, during the 2021-2022 season, the English Premier League experienced the most
injuries among the top-five European leagues (i.e., Spanish LaLiga, Italian Serie A, German Bundesliga, and
French Ligue 1), with the league spending a total of 219.64 million euros in salaries to injured players during
the season [2]. Fast recovery can have significant financial and strategic benefits for the player, the team,
and the club [1,3]. Statistically, teams that reduce time loss from injuries often achieve greater league
success [1,3,4].

In professional football, muscle injuries are the most common problem for players and medical and technical
staff, accounting for substantial time lost in competition [4-6]. As specified by the UEFA Elite Club Injury
Study Report 2019/20, the largest running injury surveillance program in football, muscle injuries
represented 51% of all injuries in the participating clubs during the 2019/2020 season [7]. Of all muscle
injuries, 57% were of the thigh, and 14% were considered severe, in which return to play (RTP) took more
than 28 days [7]. Despite the current advances and knowledge in muscle biology, the incidence of muscle
injuries in men’s professional football has not decreased, neither in training nor in matches [8].

Quadriceps muscle injuries are common in athletes, with the rectus femoris (RF) being the most frequently
injured quadriceps muscle [9]. However, isolated complete distal ruptures of the RF are rare, and data on its
management remains scarce [10,11]. The most common location of muscle injuries is at the muscle-tendon
junction, and there is evidence that a muscle injury with tendon involvement is associated with a worse
prognosis [6].

It is of utmost clinical importance to also understand the architecture of the knee extensor mechanism
[12,13]. The extensor mechanism is a mechanical advantage that provides the critical function of knee
extension, essential for normal gait and consequently sports practice [14,15]. The distal quadriceps tendon
has a complex but constant architecture of three layers, in which the superficial layer is formed by the
tendon of the RF [12,13,15,16].

Acute knee extensor mechanism injuries can potentially drastically alter an athlete’s career [15]. Despite its
importance, there is limited evidence available in the literature for this kind of injury in elite professional-
level sports, with most of the clinical cases published involving a complete rupture of the quadriceps tendon,
in which surgical repair is the established gold standard [11,16,17].

In this article, we outline the conservative management and RTP process after a complete distal rupture of
the RF in an elite football player.
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Case Presentation

A 30-year-old male, professional football player, an ambidextrous midfielder, sustained a pre-season in-
game injury on his support limb in a deceleration movement when receiving the ball. The athlete felt a
slight pain in the anterior aspect of his left thigh and heard an intense pop, and was subsequently removed
from the field.

On examination, we noted a visible and palpable deformity distally in the left quadriceps, with tenderness
on palpation. The extensor mechanism was not affected, and the athlete could walk without any major
complaints or limitations. We performed an ultrasound and an MRI scan, showing a complete distal rupture
of the RF with tendon retraction, 34 mm away from the superior pole of the patella, compatible with a
British Athletics Muscle Injury Classification (BAMIC) grade 4c RF injury, as seen in Figure 1.

FIGURE 1: MRI T2-weighted sequence. (A) Sagittal plane. (B) Coronal
plane. (C) Axial plane

The images are compatible with a BAMIC grade 4c distal RF injury of the left thigh

The BAMIC proposed by Pollock et al. is a muscle injury classification system that grades injuries according
to severity (grade 0-4) and anatomical site with an additional suffix ("a": myofascial; "b": musculotendinous
junction, or "c": intramuscular tendon) based on MRI features within muscle or tendon. According to BAMIC,
a grade 4 injury is a complete rupture to either the muscle (grade 4) or tendon (grade 4c) [6].

After discussing with the orthopedic surgeon consultant of the club and receiving a detailed explanation
about the advantages and disadvantages of each option, the athlete chose conservative management. We
designed a specific and functional rehabilitation program based on symptoms and muscle biology. The
athlete used crutch ambulation for five days, without knee orthosis, with progressive loading.

The rehabilitation program was divided according to the three chronobiological phases of muscle injury
repair [18]. Early rehabilitation included manual therapy with cross friction massage and myofascial chain
release techniques distant from the injury site; pulsed ultrasound therapy (1:4 ratio duty cycle 1 MHz 1
W/cm2 10 minutes); low-level laser therapy (3B 904 nm GaAs laser 2J/cm2, >5 and <60 mW/cm2, 8 minutes);
pain-free range of motion (ROM) exercises in all lower limb joints; strengthening program respecting the
isometric - concentric - eccentric order; and blood flow restriction (BFR) therapy (60% limb occlusion
pressure, four sets of repetitions 30/15/15/15).

We included proprioceptive training from the start of treatment, initially without load on the affected side.
Optimal loading was progressed in terms of magnitude, direction, and rate [19], adding external resistance
as tolerated, protecting the healing muscle while exposing it to progressive fascicle lengthening challenges
[20].

As we did not have access to an anti-gravity treadmill, we instead introduced aquatic therapy in week 6.
Initially, the athlete was submerged up to the clavicle level, and, with time, the water level decreased. It is
known that the choice of water immersion depth determines the axial load on submerged structures [21]. By
gradually decreasing the depth of immersion, we increased weight-bearing in a controlled manner. We were
able to introduce functional movement patterns and neuromuscular training without full loading while
maintaining the athlete’s physical condition.

After the athlete met all the relevant clinical, radiological, and functional criteria (i.e., no pain, full ROM in
all joints, good neuromuscular control with no compensations, and free weight squat at 1.5x body weight),
we were able to introduce lower-level plyometric drills at week 10 after injury. We gradually increased
plyometric intensity starting with two-legged drills. The athlete started jogging at 11 weeks (5.5-6 km/h) and
low-speed straight running at 12 weeks (10.9-11.4 km/h) after the injury, with speed gradually increasing.
Following the progression of intensity in plyometric work and running speed, we introduced football-
specific work on the field while respecting the control-chaos continuum (CCC). The CCC proposed by
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Taberner et al. is an RTP framework that interlinks global positioning system (GPS) variables and moves
from high control to high chaos situations, progressively increasing running load demands under
progressively riskier conditions [22].

After completing 16 weeks of the rehabilitation program and meeting all the functional criteria established
by the health and performance department, the athlete returned to training (RTT). The criteria included the
absence of clinical symptoms during activities; ultrasound imaging showing features of muscle repair and
healing with no signs of acute injury; manual handheld dynamometry for maximal voluntary isometric
contraction for knee flexion at 120° and knee extension at 90° limb symmetry index >90%; Illinois Agility
Test with an excellent score (<15,2 seconds); psychological readiness; and adherence to the CCC throughout
the entire process [3,22,23].

Following a discussion with the coaching staff, the athlete was integrated back into modified training. First,
we maintained contact avoidance to ensure safe player interaction, initially placing the athlete in controlled
and closed situations, and then progressing to open-field situations. After five weeks of training with the
team, the athlete reached >90% of his pre-injury-level GPS metrics, including total distance, maximum
speed, accelerations, decelerations, high-speed running, and sprint distance [3,22,24,25].

We considered the athlete physically and psychologically ready for RTP, 21 weeks after his injury. To date, the
criteria for RTT and RTP are not evidence-based, given the widespread lack of consensus on this specific
topic, especially at the elite level [24]. Therefore, we involved the athlete in RTP decision-making, ensuring
he was pivotal in the process (Figure 2).
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16-21 WEEKS

.

416 WEEKS

-4 WEEKS PHYSIOTHERAPY « 6YM

PROGRESSIVE STRENGHTENING FROGRAM
OPEN KINETIC CHAM | CLOSED KINETIC CHAN

Lo B GL000FLOW ESTRETON THERPY =10 =1
ioniom promesen | mawGssn
=
LTI L
LOW SPEED STRAIGHTT RUNNING 10511 8K/

PLYOMETRICS INTENSITY AND RUNNING SPEED

FIGURE 2: Return-to-play infographic

In his first game after RTP, the athlete played 10 minutes. In his third game, he was in the team’s starting
group of 11 and played 65 minutes. One year after RTP, the athlete had no re-injury and is competing at an
elite level.

Discussion

Muscle injuries continue to be a major concern in sports, despite their high incidence and advances in
clinical diagnostic criteria and imaging [4]. Optimal management and rehabilitation strategies are still
debated in the literature, creating a challenge in decision-making regarding treatment and RTP. Although
non-surgical treatment shows a good prognosis in most athletes with muscle injuries, the consequences of
treatment failure can be dramatic [4,26].

Considering prognosis indicators of injury severity, it has been reported that high-grade and RF injuries
extending into the tendon (BAMIC class c) have a longer RTP time in football players, which may reflect the
longer duration required for tendon healing and adaptation in this group [9,27].

Partial-thickness tears of the quadriceps tendon may affect single or multiple layers of the tendon, whereas
full-thickness tears involve the rupture of all three layers [28,29]. In this particular case, the athlete
sustained a grade 4c muscle injury of the RF according to BAMIC, with complete rupture of the RF distal
tendon, which is the superficial layer of the distal quadriceps tendon. Therefore, we also approached the
injury as a partial-thickness tear of the quadriceps distal tendon.
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According to the most recent literature published, the management of complete proximal RF injuries
primarily involves operative treatment [30]. When talking about complete ruptures of distal RF, surgical
repair has also been recommended, but there is a lack of evidence to support this recommendation as there
are no published studies comparing the functional results and complications between surgical intervention
and conservative treatment [10,11,16]. Consequently, there is still no consensus about the management of
this particular injury, especially in elite sports, with only a few reports published to date [10,11]. To our
knowledge, there is no published clinical case in elite football detailing the RTP process following this kind
of injury. In this case, the athlete and the health and performance department chose a nonoperative
treatment because of a lack of functional deficit.

Any complete muscle injury is a challenging lesion and carries the least favorable prognosis [11,16,51]. Non-
surgical repair of complete muscle injuries is slow and often results in fibrosis, which can lead to incomplete
functional recovery [16]. Given the lack of evidence concerning progression in the rehabilitation program,
functional criteria, and testing for RTT and RTP, we set the progression in the RTP process respecting muscle
biology, using objective data and clinical reasoning. Risk assessment of every functional mark was discussed
within the health and performance department to ensure that informed decisions among multiple
professionals were made on phased progression and optimal loading.

Conclusions

The primary aim of this case report is to show that non-surgical treatment is feasible after a complete distal
rupture of the RF tendon in an elite football player. In professional-level sports, there is a gap in the
literature regarding the treatment of this particular injury. Therefore, treatment options must be discussed
carefully with the athlete while explaining the advantages and limitations of each treatment. Thus, informed
decisions can be made until more data are available for clear evidence-based recommendations. The athlete
was able to RTP in the same season, 21 weeks after injury, allowing him to compete at an elite level in the
Portuguese Football First League with no re-injury >1 year after RTP.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

All authors contributed to the article to the same extent and are in agreement on all aspects of the work.

References

1. Bowen L, Gross AS, Gimpel M, Bruce-Low S, Li FX: Spikes in acute:chronic workload ratio (ACWR)
associated with a 5-7 times greater injury rate in English Premier League football players: a comprehensive
3-year study. Br | Sports Med. 2020, 54:731-8. 10.1136/bjsports-2018-099422

2. September 2022: ‘feeling the strain’ Howden’s men’s European football injury index . (22). Accessed:
05/03/2023: https://www.howdengroup.com/sites/g/files/mwfley566/files/2022-09/Football-Injury-Index-
September-22.pdf.

3. Bisciotti GN, Volpi P, Alberti G, et al.: Italian consensus statement (2020) on return to play after lower limb
muscle injury in football (soccer). BM] Open Sport Exerc Med. 2019, 5:e000505. 10.1136/bmjsem-2018-
000505

4. Maffulli N, Del Buono A, Oliva F, et al.: Muscle injuries: a brief guide to classification and management .
Transl Med UniSa. 2015, 12:14-8.

5. Espregueira-Mendes J, Niek van Dijk C, Neyret P, Cohen M, Della Villa S, Pereira H, Oliveira JM: Injuries and
health problems in football. Springer, Berlin, Germany; 2017. 10.1007/978-3-662-53924-8

6. Pollock N, James SL, Lee JC, Chakraverty R: British athletics muscle injury classification: a new grading
system. Br ] Sports Med. 2014, 48:1347-51. 10.1136/bjsports-2013-093302

7. UEFA elite club injury study report 2019/20 . (2021). Accessed: 15/03/2023:
https://editorial.uefa.com/resources/0265-115cf1249d3a-c523ddeccfef-
1000/uefa_elite_club_injury study season_report_2....

8. Ekstrand ], Spreco A, Bengtsson H, Bahr R: Injury rates decreased in men's professional football: an 18-year
prospective cohort study of almost 12 000 injuries sustained during 1.8 million hours of play. Br J Sports
Med. 2021, 55:1084-91. 10.1136/bjsports-2020-103159

9. Shimozaki K, Nakase J, Asai K, et al.: Relationship between anatomical injury site of rectus femoris muscle
strain and time taken to return to play in Japanese professional soccer players. ] Orthop Surg (Hong Kong).
2022, 30:10225536221141786. 10.1177/10225536221141786

10.  Shimba LG, Latorre GC, Pochini AC, Astur DC, Andreoli CV: Surgical treatment of rectus femoris injury in
soccer playing athletes: report of two cases. Rev Bras Ortop. 2017, 52:743-7. 10.1016/j.rtboe.2017.01.001

2023 Fernandes et al. Cureus 15(9): e45494. DOI 10.7759/cureus.45494 4 0of 5


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1136/bjsports-2018-099422
https://dx.doi.org/10.1136/bjsports-2018-099422
https://www.howdengroup.com/sites/g/files/mwfley566/files/2022-09/Football-Injury-Index-September-22.pdf
https://www.howdengroup.com/sites/g/files/mwfley566/files/2022-09/Football-Injury-Index-September-22.pdf
https://dx.doi.org/10.1136/bmjsem-2018-000505
https://dx.doi.org/10.1136/bmjsem-2018-000505
http://pubmed.ncbi.nlm.nih.gov/26535183/
https://dx.doi.org/10.1007/978-3-662-53924-8
https://dx.doi.org/10.1007/978-3-662-53924-8
https://dx.doi.org/10.1136/bjsports-2013-093302
https://dx.doi.org/10.1136/bjsports-2013-093302
https://editorial.uefa.com/resources/0265-115cf1249d3a-c523ddeccfef-1000/uefa_elite_club_injury_study_season_report_2019-20_-_team_x_2_20210118151053.pdf
https://editorial.uefa.com/resources/0265-115cf1249d3a-c523ddeccfef-1000/uefa_elite_club_injury_study_season_report_2019-20_-_team_x_2_20210118151053.pdf
https://dx.doi.org/10.1136/bjsports-2020-103159
https://dx.doi.org/10.1136/bjsports-2020-103159
https://dx.doi.org/10.1177/10225536221141786
https://dx.doi.org/10.1177/10225536221141786
https://dx.doi.org/10.1016/j.rboe.2017.01.001
https://dx.doi.org/10.1016/j.rboe.2017.01.001

Cureus

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Weber M, Knechtle B, Lutz B, Stutz G, Baumann P: Nonoperative treatment of a complete distal rectus
femoris muscle tear. Clin ] Sport Med. 2010, 20:493-4. 10.1097/]SM.0b013e3181fb5385

Grob K, Manestar M, Filgueira L, Ackland T, Gilbey H, Kuster MS: New insight in the architecture of the
quadriceps tendon. ] Exp Orthop. 2016, 3:32. 10.1186/s40634-016-0068-y

Astur DC, Oliveira SG, Badra R, et al.: Updating of the anatomy of the extensor mechanism of the knee
using a three-dimensional viewing technique. Rev Bras Ortop. 2011, 46:490-4. 10.1016/52255-
4971(15)30401-8

Deopujari S, Kiel J: Knee extensor mechanism injuries. StatPearls Publishing, Treasure Island, Florida; 2023.
Chen KK, Chan JJ, Ranson W, Debellis N, Huang HH, Vulcano E, Colvin A: Epidemiology of acute extensor
mechanism injuries in collegiate-level athletes in the United States. Sports Health. 2022, 14:262-72.
10.1177/19417381211012969

Kaeding C, Borchers J: Hamstring and quadriceps injuries in athletes: a clinical guide . Springer, Berlin,
Germany; 2014. 10.1007/978-1-4899-7510-2

Boublik M, Schlegel TF, Koonce R: Quadriceps tendon injuries in national football league players. Am J
Sports Med. 2013, 41:1841-6.

Laumonier T, Menetrey J: Muscle injuries and strategies for improving their repair . ] Exp Orthop. 2016, 3:15.
10.1186/540634-016-0051-7

Glasgow P, Phillips N, Bleakley C: Optimal loading: key variables and mechanisms . Br ] Sports Med. 2015,
49:278-9. 10.1136/bjsports-2014-094443

Rehabilitation of rectus femoris injuries in kicking athletes. (2018). https://sportperfsci.com/wp-
content/uploads/2018/06/SPSR35_Morgans-al_180615_final.pdf.

Harrison R, Bulstrode S: Percentage weight-bearing during partial immersion in the hydrotherapy pool .
Physiother Pract. 2009, 3:60-3. 10.3109/09593988709087741

Taberner M, Allen T, Cohen DD: Progressing rehabilitation after injury: consider the 'control-chaos
continuum'. Br | Sports Med. 2019, 53:1132-6. 10.1136/bjsports-2018-100157

Shrier I: Strategic assessment of risk and risk tolerance (StARRT) framework for return-to-play decision-
making. Br | Sports Med. 2015, 49:1311-5. 10.1136/bjsports-2014-094569

Taberner M, Haddad FS, Dunn A, Newall A, Parker L, Betancur E, Cohen DD: Managing the return to sport of
the elite footballer following semimembranosus reconstruction. BMJ Open Sport Exerc Med. 2020,
6:€000898. 10.1136/bmjsem-2020-000898

Taberner M, van Dyk N, Allen T, et al.: Physical preparation and return to performance of an elite female
football player following ACL reconstruction: a journey to the FIFA Women's World Cup. BMJ Open Sport
Exerc Med. 2020, 6:000843. 10.1136/bmjsem-2020-000843

Valle X, Alentorn-Geli E, Tol JL, et al.: Muscle injuries in sports: a new evidence-informed and expert
consensus-based classification with clinical application. Sports Med. 2017, 47:1241-53. 10.1007/540279-
016-0647-1

McAleer S, Macdonald B, Lee J, et al.: Time to return to full training and recurrence of rectus femoris
injuries in elite track and field athletes 2010-2019; a 9-year study using the British Athletics Muscle Injury
Classification. Scand ] Med Sci Sports. 2022, 32:1109-18. 10.1111/sms.14160

La S, Fessell DP, Femino JE, Jacobson JA, Jamadar D, Hayes C: Sonography of partial-thickness quadriceps
tendon tears with surgical correlation. | Ultrasound Med. 2003, 22:1323-9; quiz 1330-1.
10.7863/jum.2003.22.12.1323

Zeiss ], Saddemi SR, Ebraheim NA: MR imaging of the quadriceps tendon: normal layered configuration and
its importance in cases of tendon rupture. AJR Am ] Roentgenol. 1992, 159:1031-4.
10.2214/ajr.159.5.141477

Knapik DM, Alter TD, Ganapathy A, Smith MV, Brophy RH, Matava MJ: Isolated, full-thickness proximal
rectus femoris injury in competitive athletes: a systematic review of injury characteristics and return to
play. Orthop J Sports Med. 2023, 11:23259671221144984. 10.1177/23259671221144984

Roger B, Guermazi A, Skaf A: Muscle injuries in sport athletes: clinical essentials and imaging findings .
Springer, Berlin, Germany; 2017. 10.1007/978-3-319-43344-8

2023 Fernandes et al. Cureus 15(9): e45494. DOI 10.7759/cureus.45494

50f5


https://dx.doi.org/10.1097/JSM.0b013e3181fb5385
https://dx.doi.org/10.1097/JSM.0b013e3181fb5385
https://dx.doi.org/10.1186/s40634-016-0068-y
https://dx.doi.org/10.1186/s40634-016-0068-y
https://dx.doi.org/10.1016/S2255-4971(15)30401-8
https://dx.doi.org/10.1016/S2255-4971(15)30401-8
https://www.ncbi.nlm.nih.gov/books/NBK554587/
https://dx.doi.org/10.1177/19417381211012969
https://dx.doi.org/10.1177/19417381211012969
https://dx.doi.org/10.1007/978-1-4899-7510-2
https://dx.doi.org/10.1007/978-1-4899-7510-2
https://pubmed.ncbi.nlm.nih.gov/23735426/#:~:text=Conclusion%3A Quadriceps tendon tears are,play in regular%2Dseason games.
https://dx.doi.org/10.1186/s40634-016-0051-7
https://dx.doi.org/10.1186/s40634-016-0051-7
https://dx.doi.org/10.1136/bjsports-2014-094443
https://dx.doi.org/10.1136/bjsports-2014-094443
https://sportperfsci.com/wp-content/uploads/2018/06/SPSR35_Morgans-al_180615_final.pdf
https://sportperfsci.com/wp-content/uploads/2018/06/SPSR35_Morgans-al_180615_final.pdf
https://dx.doi.org/10.3109/09593988709087741
https://dx.doi.org/10.3109/09593988709087741
https://dx.doi.org/10.1136/bjsports-2018-100157
https://dx.doi.org/10.1136/bjsports-2018-100157
https://dx.doi.org/10.1136/bjsports-2014-094569
https://dx.doi.org/10.1136/bjsports-2014-094569
https://dx.doi.org/10.1136/bmjsem-2020-000898
https://dx.doi.org/10.1136/bmjsem-2020-000898
https://dx.doi.org/10.1136/bmjsem-2020-000843
https://dx.doi.org/10.1136/bmjsem-2020-000843
https://dx.doi.org/10.1007/s40279-016-0647-1
https://dx.doi.org/10.1007/s40279-016-0647-1
https://dx.doi.org/10.1111/sms.14160
https://dx.doi.org/10.1111/sms.14160
https://dx.doi.org/10.7863/jum.2003.22.12.1323
https://dx.doi.org/10.7863/jum.2003.22.12.1323
https://dx.doi.org/10.2214/ajr.159.5.1414770
https://dx.doi.org/10.2214/ajr.159.5.1414770
https://dx.doi.org/10.1177/23259671221144984
https://dx.doi.org/10.1177/23259671221144984
https://dx.doi.org/10.1007/978-3-319-43344-8
https://dx.doi.org/10.1007/978-3-319-43344-8

	Complete Distal Rupture of the Rectus Femoris in an Elite Football Player: A Non-operative Treatment
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: MRI T2-weighted sequence. (A) Sagittal plane. (B) Coronal plane. (C) Axial plane
	FIGURE 2: Return-to-play infographic

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


