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Background: Characteristics regarding mechanism of injury, management, and return-to-play (RTP) rate and timing are important
when treating and counseling athletes with rectus femoris tears.

Purpose: To systematically review the literature to better understand the prevalence, sporting activity, injury mechanisms, and
treatment of patients with rectus femoris injury and to provide prognostic information regarding the rate and timing of RTP.

Study Design: Systematic review; Level of evidence, 4.

Methods: Following the 2020 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, we
queried PubMed/MEDLINE, Cochrane, OVID, EMBASE, and Google Scholar in March 2022 for studies reporting on athletes
sustaining isolated, full-thickness tearing, or bony avulsion injuries to the proximal rectus femoris during sporting activity. Excluded
were studies without evidence of full-thickness tearing or avulsion, with athletes sustaining concomitant injuries, or with injuries
occurring from nonsporting activities. The percentage of athletes sustaining injuries was calculated based on sport, injury
mechanism, and management (nonoperative versus operative).

Results: Of 132 studies initially identified, 18 were included, comprising 132 athletes (mean age, 24.0 ± 5.4 years; range, 12-43
years). The most common sporting activities were soccer (70.5%) and rugby (15.2%). The most reported mechanisms of injury
were kicking (47.6%) and excessive knee flexion/forced hip extension (42.9%). Avulsion injuries were reported in 86% (n ¼ 114) of
athletes. Nonoperative management was reported in 19.7% of athletes, with operative management performed in 80.3%. The
mean follow-up time was 21.4 ± 11.4 months (range, 1.5-48 months). The RTP rate was 93.3% (n ¼ 14) in nonoperatively treated
and 100% (n ¼ 106) in operatively treated athletes, and the mean RTP time was 11.7 weeks (range, 5.5-15.2 weeks) in non-
operatively treated and 22.1 weeks (range, 14.0-37.6 weeks) in operatively treated athletes. Complications were reported in 7.7%
(2/26) of nonoperatively treated and 18% (n ¼ 19/106) of operatively treated athletes.

Conclusion: Full-thickness proximal rectus femoris injuries occurred most frequently in athletes participating in soccer and rugby
secondary to explosive, eccentric contractions involved in kicking and sprinting. Operative management was performed in the
majority of cases. Athletes who underwent operative repair had a 100% RTP rate versus 93.3% in athletes treated nonoperatively.
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Injuries to the quadriceps complex represent a common
cause of pain and time lost from sport in athletes, predom-
inately those participating in American football, soccer,
track and field, and rugby.9,23 As the most superficial com-
ponent of the quadriceps, the rectus femoris consists of the
direct head, originating from the anteroinferior iliac spine,
and the reflected, or indirect head, arising from the supe-
rior acetabular ridge.25 In the quadriceps complex, the

rectus femoris represents the most commonly injured mus-
cle,5,7 frequently attributed to the biarthrodial nature of
the muscle, crossing both the hip and the knee joint.8 Due
to the infrequent reporting of injuries to the proximal rec-
tus femoris, the potential for misdiagnosis and undertreat-
ment remains high.7,16,29

Proximal rectus femoris injuries are commonly reported
as a result of movements associated with rapid eccentric
muscle contraction and acceleration/deceleration, such as
kicking or sprinting.2,19 In the kicking athlete, the tendon
is maximally elongated during hip extension and knee flex-
ion, placing the muscle at risk for tearing or avulsion
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proximally during rapid contraction.15,17,18 Moreover,
abrupt arrest of the kicking motion during the strike phase
further increases the risk of injury, such as when a kick is
blocked by an opponent.7,8,28 In nonkicking athletes, sprint-
ing is a commonly reported mechanism of injury due to the
eccentric forces placed on the proximal rectus femoris dur-
ing the swing phase of acceleration, as well during the
deceleration phase, in which asynchronous muscle activa-
tion and force dissipation occurs from the muscle belly to
the tendon.2,11,13,18

The frequency, characteristics, and optimal treatment
modalities for athletes sustaining proximal rectus femoris
injuries remain largely unknown. The purpose of this
investigation was to (1) systematically review the literature
to better understand the prevalence, sporting activity,
injury mechanisms, and treatment of patients with full-
thickness proximal rectus femoris injuries and to (2) pro-
vide prognostic information regarding the rate and timing
of return-to-play (RTP), to better inform clinicians when
counseling patients and framing athletes’ expectations.
We hypothesized that (1) injuries would be reported most
frequently in athletes involved in sports requiring frequent
and repetitive sprinting and kicking (ie, American football,
track and field, rugby, soccer) and (2) operatively and non-
operatively treated athletes would experience similar RTP
rates, timing, and complications.

METHODS

Search Criteria and Article Selection

A systematic review was conducted, with articles identified
and extracted according to the 2020 PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) statement. After registration on the PROSPERO Inter-
national Prospective Register of Systematic Reviews (ID:
CRD42021283235), all studies written in English or with
English-language translation between January 1988 and
March 2022 reporting on athletes sustaining isolated inju-
ries to the proximal rectus femoris during sporting activity
were identified. A sporting activity was defined as any
event in which an athlete was in competition with fellow
athletes, irrespective of competitive level. Two authors
(D.M.K., A.G.) performed an independent qualitative sys-
tematic review of the literature on March 10, 2022, using
the PubMed/MEDLINE, Cochrane, OVID, EMBASE, and
Google Scholar databases. A combination of the following
search terms was included: “proximal rectus femoris” AND

“injury” AND “rupture” AND “tear” AND “athlete” AND
“sport” AND “return to play” AND “operative” AND “repair”
AND “non-operative,” AND “conservative.”

Articles were included in the systematic review and
assessed for quality when meeting the following inclusion
criteria: articles written in English or with English-
language translation, athletes sustaining proximal rectus
femoris avulsions, bony avulsions, or full-thickness muscu-
lotendinous junction (MTJ) injuries during sporting activi-
ties diagnosed on clinical and imaging evaluation with
reported sporting activity causing injury, treatment (non-
operative versus operative), return-to-sport rate and tim-
ing, and the incidence of any complications related to injury
management. Exclusion criteria consisted of studies report-
ing proximal rectus femoris injuries without evidence of
tearing or avulsion, partial-thickness injuries or strains,
athletes sustaining proximal rectus femoris injuries with
concomitant injuries to the hip (ie, labral injury, core mus-
cle injury) or knee; injuries occurring as a result of non-
sporting activities (ie, walking, jogging, mechanical falls,
trauma, or activities not meeting the definition of a sport-
ing activity); and studies not reporting on injury treatment,
complications, or return to play (RTP).

Variables of Interest

When reported, proximal rectus avulsion injuries were
classified based on injury location, with involvement of the
direct, indirect, or direct plus indirect heads. Injuries were
further classified into 1 of 3 full-thickness injury patterns:
(1) soft tissue avulsion injuries of the proximal tissue from
the bony attachment site, (2) bony avulsion fracture, or (3)
MTJ tears. Collected data consisted of sporting activity at
the time of injury, as well as mechanism of injury. Treat-
ment was classified as either operative or nonoperative.
Due to the heterogeneity of patient-reported outcome mea-
sures, no statistical analyses were performed based on the
treatment of rectus femoris avulsion injuries.

A total of 132 articles were identified after the database
search. Any disagreements between the 2 authors were
resolved by a third author (M.J.M.); no disagreements were
encountered. The search process is shown in the flow dia-
gram (Figure 1). A total of 33 studies were selected for full-
text evaluation after title and abstract assessment. Of these
studies, 15 were excluded due to injuries sustained during
nonsporting activities (n ¼ 7 studies), no data demonstrat-
ing clinical and imaging findings consistent with proximal
rectus femoris tearing or avulsion (n ¼ 5 studies), or
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absence of data regarding injury management (n ¼ 3 stud-
ies). After application of the inclusion and exclusion crite-
ria, a total of 18 articles were included for analysis. To
guarantee that all available studies meeting inclusion cri-
teria were identified, references in each of the included
articles were cross-referenced for inclusion in case they
were overlooked during the initial search, during which
no further studies were identified.

Assessment of Study Quality

To assess the quality of the included studies, the Modified
Coleman Methodology Score (MCMS) was used, which
allows for evaluation of study methodology on the basis of
10 criteria, giving a total score between 0 and 100. The
subsections that comprise the MCMS are based on the sub-
sections of the CONSORT (Consolidated Standards for
Reporting Trials) statement (for randomized controlled
trials) that were modified to allow for other trial designs.5

The Coleman criteria were modified to make them repro-
ducible and relevant for a systematic review evaluating
proximal rectus femoris injuries in athletes. Each study
was scored independently in duplicate by 2 authors (initials
blinded for peer review) for each of the criteria adopted. No
disagreement with score differences of >3 points were
appreciated. Scores ranging from 85 to 100 were considered
excellent, 70 to 84 good, 55 to 69 fair, and <55 poor.

Statistical Analysis

The percentage of athletes sustaining proximal rectus femoris
injuries was calculated based on sport, reported injury mech-
anism, and injury management (nonoperative versus opera-
tive). Continuous variables were presented as means and
standard deviations. Categorical variables were presented as
percentages. Weighted scores were calculated for continuous
variables as previously reported using the following formula3:

ðMean ScoreStudy 1 � Number of AthletesStudy 1Þþ
ðMean Score

Study 2
�Number of AthletesStudy 2Þ

Number of AthletesStudy 1 þ Number of AthletesStudy2

All statistical analyses were performed using Rstudio
(Version 4.0.2, R Core Team).

RESULTS

Patient Demographics, Sport Activity,
and Mechanism of Injury

Included were 18 articles consisting of 132 athletes (mean
age, 24.0 ± 5.4 years [range, 12-43 years]), of which 94%
(124/132) were male.k The most commonly involved sport-
ing activities were soccer (70.5%; 93/132), rugby (15.2%;
20/132), and American football (12.1%; 16/132) (Table 1).
Of the 18 studies, 15 studies (n ¼ 63 athletes) reported a
specific mechanism of injury (Table 2).{ Mechanism of
injury was not reported in 1 study of 55 athletes,17 with
incomplete reporting in 1 study (not reported in 9/11 ath-
letes),11 and 1 study reporting a nonspecific mechanism of
injury (eccentric mechanism; 5 athletes).28 When specifi-
cally reported, the most frequent mechanisms of injury
were kicking (47.6%; 30/63), excessive knee flexion and
forced hip extension (42.9%; 27/63), and sprinting (9.5%;
6/63) (Table 2).

Anatomic Involvement of Injury and Management

Of the 132 patients, 114 experienced proximal avulsion
injuries, 8 had MTJ ruptures, and 10 had bony avulsion
fractures (Table 1). Nonoperative management was
reported in 19.7% of athletes (7 studies10,11,13,20,24,26,31; 26
athletes) with proximal rectus avulsion injuries (15 ath-
letes), bony avulsion fractures (10 athletes) and MTJ rup-
tures (1 athlete). Nonoperative management generally
consisted of rest, platelet-rich plasma injections,24,26 and
physical therapy, emphasizing hip range of motion and core
strengthening. Operative management was performed in
80.3% of athletes (11 studies; 106 patients) with rectus
avulsions (99 athletes) and MTJ ruptures (7 athletes).
Operative management consisted of primary repair

Identification
Manuscripts identified through PubMed, MEDLine,

Cochrane, OVID, EMBASE, and Google Scholar
(N = 132)

Title and abstracts reviewed
(N = 132)

Articles excluded based on title, abstract,
and/or duplicates

(N = 100)

Full-text articles excluded (N = 15)
Injuries during nonsporting activity (N = 7)

Absence of clinical data (N = 5)
Absence of injury management data (N = 3)

Full text articles assessed for eligibility
(N = 33)

Articles included in qualitative synthesis
(N = 18)

Screening

Eligibility

Included

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study inclusion pro-
cess. .

kReferences 1, 4, 10-15, 17, 20, 22, 24, 26, 28-32.
{References 1, 4, 11-15, 20, 22, 24, 26, 28-32.

The Orthopaedic Journal of Sports Medicine Isolated, Full-Thickness Proximal Rectus 3



utilizing suture anchors (60.4%; 64/106 athletes), primary
tenodesis via excision of periosteum and suture of the mus-
cle belly to surrounding muscle (33.0%; 35/106 athletes) or
direct side-to-side suture repair (6.6%; 7/106 athletes)
(Table 2).

Return-to-Sport Rates and Timing

The mean final follow-up time for all athletes was 21.4 ± 11.4
months (range, 1.5-48 months). The mean follow-up periods
for nonoperative and operative patients were 18.1 ± 14.5 and
22.9 ± 10.2 months, respectively. The RTP rate was reported
in 17 studies (121 athletes),# with 93.3% (14/15) of nonopera-
tively and 100% (106/106) of operatively treated patients
returning to play at their preinjury level. RTP timing was
reported in 5 studies11,13,20,24,26 (16 athletes) reporting nonop-
erative management and 11 studies (106 athletes) reporting
on operative management.** Mean RTP timing in patients
undergoing nonoperative and operative management was
11.7 weeks (range, 5.5-15.2 weeks) and 22.1 weeks (range,
14-37.6 weeks), respectively.

Complications

Complications were reported in 18% (19/106) of athletes
who underwent operative management, with symptomatic
lateral femoral cutaneous nerve (LFCN) neurapraxia being
the most commonly reported complication (Table 3). Recur-
rent proximal rectus femoris avulsion injuries within 6
months of surgery were reported in 4% (4/106) of athletes,
with 4 athletes returning to play after treatment involving

debridement of the avulsed tendon stump and revision
tenodesis.17 Recurrent pain was reported in 7.7% (2/26) of
athletes treated nonoperatively.

Assessment of Study Quality

The mean MCMS score was 34.8 (range, 24-59) demonstrat-
ing the quality of the studies to be poor (Table 1). The intra-
class correlation coefficient value between the mean values
of the MCMS calculated between the 2 authors was excel-
lent (0.915).

DISCUSSION

The results of this systematic review identified isolated,
full-thickness proximal rectus femoris injuries in 132 ath-
letes from 18 studies. The injuries occurred most frequently
in men participating in soccer and rugby, with kicking and
excessive knee flexion and forced hip extension being the
most common mechanisms of injury. Operative manage-
ment was performed in 80% of athletes, most commonly
consisting of primary repair. All (100%) athletes undergo-
ing operative management and 93% of athletes treated non-
operatively reported successful RTP at their preinjury
level. Mean time to RTP was nearly twice as long for ath-
letes treated operatively (22 weeks) compared with those
undergoing nonoperative management (12 weeks). Compli-
cations were reported in 18% of athletes undergoing oper-
ative management, consisting primarily of LFCN
neurapraxia, LFCN injury and recurrent injury to the prox-
imal rectus femoris.

Reported management for proximal rectus femoris inju-
ries primarily involves operative treatment, as 80% of cases

TABLE 1
Overview of Included Studiesa

Lead Author Year LOE No. of Athletes Age, yb Follow-up, mob Sport (No. of Athletes) MCMS

Angers-Goulet1 2018 5 1 23 24 Soccer 46
Bottoni4 2009 5 1 23 6 NR 32
Esser10 2015 5 1 24 NR Soccer 24
Gamradt11 2009 4 11 26.7 (22-34) NR Football 25
Garcı́a12 2012 4 10 27.4 ± 4.14 34.8 ± 28.7 Soccer 41
Hsu13 2005 5 2 29.5 (25-34) 22 (8-36) Football 26
Huri14 2014 5 1 16 24 Soccer 49
Irmola15 2007 4 5 22.8 (19-27) 20 (9-45) Soccer (4); T&F (1) 41
Kayani17 2021 3 55 27.3 ± 5.9 27.9 (24-31.7) Soccer (35); rugby (20) 59
Lasky-McFarlin20 2021 4 1 13 24 Soccer 32
Lempainen22 2021 4 18c 23.4 (15-31) 33.6 (12-132) Soccer 49
Olmo24 2018 5 1 28 36 Soccer 32
Pogliacomi26 2019 4 1 39 1.5 Soccer 25
Sonnery-Cottet28 2017 4 5 31.8 ± 3.9 18.2 (8-32) Soccer 49
Straw29 2003 5 1 22 6 Soccer 42
Ueblacker30 2015 4 4 30 ± 2 35 ± 6 Soccer 48
Uzun31 2014 4 9 14 (12-16) 26 (12-48) Soccer (8); athletics (1) 26
Wittstein32 2011 4 5 21 (18-24) 22.2 (12-40) Football (3); soccer (2) 46

aMCMS, Modified Coleman Methodology Score; NR, not reported; T&F, track and field; LOE, level of evidence.
bReported as mean, mean ± SD, or mean (range).
c1 athlete underwent bilateral repair.

#References 1, 4, 10, 12-15, 17, 20, 22, 24, 26, 28-32.**References 1,
4, 12, 14, 15, 17, 22, 28, 29, 30, 32.
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reported in the literature were managed surgically. Oper-
ative management has been indicated in the setting of avul-
sion injuries with displacement >20 mm,27 severe
functional deficits on physical examination,4 and patient-
specific goals to return to elite or high-level athletic

activities.14,29 Some athletes with failed nonoperative man-
agement have been shown to improve and RTP successfully
after surgical repair. Namely, Straw et al29 reported failed
nonoperative treatment in a soccer player with inability to
sprint or kick a ball after 12 months. Subsequent surgical

TABLE 2
Overview of Injury Mechanism, Location, Treatment, and Complicationsa

Lead Author

Mechanism
of Injury

(No. of Athletes) Injury Location Imaging Treatmentb
RTP, % Athletes;
RTP Timing, wkc

Complications
(%. No. of Athletes)

Angers-Goulet1 Kicking MTJ (DH) XR, MRI Primary repair 100%; 16 None
Bottoni4 Sprinting Avulsion (DH) XR, MRI Primary repair 100%; 16 None
Esser10 Kicking MTJ (DH) US Nonop rehab 100%; NR None
Gamradt11 Forced hip

extension, knee
flexion (1);
sprinting (1); NR
(9)

Avulsion (DH) XR, MRI Nonop rehab
(NSAIDs, rest,
ice)

NR; 9.9 (3-29.7) Recurrent pain
(18%; 2/11)

Garcı́a12 Stopping ball (5);
kicking (5)

4 avulsion (DH); 6
MTJ (DH)

US, MRI Primary repair (10) 100%; 15.2 (12-24) None

Hsu13 Kicking Avulsion (DH) XR, MRI Nonop rehab
(NSAIDs, rest,
ice)

50%; 5.5 None

Huri14 Kicking Avulsion (IH) MRI Primary repair 100%; 36 None
Irmola15 Kicking (4); leaping

over fence (1)
Avulsion (DH) US, MRI Primary repair (5) 100%; 32 (20-40) LFCN injury (40%;

2/5)
Kayani17 NR Avulsion (DH) MRI Primary repair

(25); tenodesis
(30)

Primary repair:
100%; 15.8 ± 2.2

Tenodesis: 100%;
12.4 ± 1.6

Recurrence after
primary
repair requiring
tenodesis
(16%; 4/25); LFCN
neurapraxia
(primary repair:
16%, 4/25;
tenodesis: 13%,
4/30)

Lasky-
McFarlin20

Kicking Bilateral bony
avulsion fracture

NR Nonop rehab 100%; 15 None

Lempainen22 Hip extension or
forceful flexion

10 avulsion (DH); 9
avulsion (DH þ IH)

MRI Primary repair (18) 100%; 21 LFCN injury (11%;
2/18)

Olmo24 Deceleration
during sprinting

Avulsion (DH þ IH) MRI Nonop rehab (PRP
injection � 2)d

100%; 3.8 None

Pogliacomi26 Kicking Avulsion (IH) MRI Nonop rehab (PRP
injection � 3)e

100%; 12.9 None

Sonnery-
Cottet28

Eccentric
mechanism

Avulsion (DH þ IH) MRI Tenodesis (5) 100%; 15 ± 1.4 Hematoma (20%; 1/5)

Straw29 Kicking Avulsion (DH) MRI Primary repair 100%; 26 None
Ueblacker30 Kicking Avulsion (DH þ IH) MRI Primary repair (4) 100%; 15.6 ± 2.1

(14.3-19.1)
None

Uzun31 Kicking (6);
sprinting (3)

Rectus femoris
avulsion fractures

XR, MRI, CT Nonop rehab 100%; NR None

Wittstein32 Kicking (4); forced
knee flexion
during tackle (1)

Avulsion (IH) MRI Resection of scar
and torn tendon
(5)

100%; 37.6 Recurrent pain
(40%; 2/5)

aCT, computed tomography; DH, direct head; IH, indirect head; LFCN, lateral femoral cutaneous nerve; MRI, magnetic resonance
imaging; MTJ, musculotendinous junction; Nonop rehab, nonoperative rehabilitation; NR, not reported; NSAID, nonsteroidal anti-
inflammatory drug; PRP, platelet-rich plasma; RTP, return-to-play; US, ultrasound; XR, radiograph.

bParentheses signify number of athletes.
cParentheses signify date range.
dPRP injection provided at postinjury days 5 and 16.
ePRP injections performed at postinjury days 10, 20, and 30.

The Orthopaedic Journal of Sports Medicine Isolated, Full-Thickness Proximal Rectus 5



repair allowed for successful RTP at preinjury level 6
months after surgery. Huri et al14 reported successful sur-
gical repair of a proximal rectus femoris avulsion in a pro-
fessional soccer player after 24 months of failed
nonoperative management. It should be noted that there
are currently no prospective randomized studies comparing
operative and nonoperative management for this injury in
athletes. Therefore, clinicians contemplating the treatment
of athletes with this injury must understand that the indi-
cations for surgery are based on expert opinion and subjec-
tive factors rather than purely objective criteria established
through prospective controlled studies.

Operative management is also recommended in the set-
ting of more severe injuries. Specifically, Lempainen et al21

reported acute repair in the setting of magnetic resonance
imaging (MRI) demonstrating retraction of both direct and
indirect tendon heads. Kayani et al17 recommended acute
repair only in athletes with a “higher-than-acceptable” risk
of injury recurrence based on the British Athletics Muscle
Injury Classification (BAMIC) system determined by MRI.
The BAMIC system classifies muscle injury based on sever-
ity of injury, where grade 0 has no MRI findings, grade 1 is
characterized by a small tear to the muscle, grade 2 has a
moderate muscle tear, grade 3 has a more extensive muscle
tear, and grade 4 is characterized by a complete tear to the
muscle or a tendon avulsion. BAMIC grade 4 avulsion inju-
ries of the straight head of the proximal rectus femoris were
considered higher-than-acceptable risk of injury recur-
rence.17 As such, operative treatment may have some
advantages in competitive athletes, especially in the set-
ting of severe, retracted injuries involving both heads of the
proximal rectus femoris, as well as in athletes with inability
to RTP after attempted nonoperative management.14 How-
ever, further studies are warranted to better determine
which athletes and injury variables best determine the suc-
cess of operative versus nonoperative management of these
injuries, as well as when to proceed from nonoperative to
operative treatment.

Timing of RTP for athletes undergoing operative man-
agement was 22.1 weeks, compared with 11.7 weeks for
athletes treated nonoperatively. This finding corresponds
with the results reported by Dalal et al6 in their analysis of
9 studies (N ¼ 82 patients), observing that athletes who
underwent nonoperative management returned at a faster
rate (69.2 days) compared with athletes who underwent

operative management (112.6 days). Furthermore, the
authors reported a RTP rate of 95% in the operative group
versus 92.7% in the conservative treatment group (P ¼
.93).6 Our review of the literature found a 100% RTP rate
in athletes treated operatively compared with 93.3% of ath-
letes treated nonoperatively. Athletes undergoing opera-
tive treatment had a higher RTP rate but longer
convalescence compared with those athletes managed non-
operatively. This finding is likely due to a variety of reasons
in athletes undergoing surgery, such as the time needed to
allow for surgical wound healing, the pain inherent in sur-
gical intervention, and the necessity of a course of postop-
erative rehabilitation to restore muscle strength and
function. It is possible that the literature is biased toward
surgical treatment, which makes it difficult to interpret the
comparison with nonoperative treatment. Moreover, oper-
ative management may be reserved for patients in whom
nonoperative management had previously failed or was
insufficient.14,21,29 Obviously, operative repair requires
prolonged healing times when compared with nonoperative
care due to initial immobilization, as Garcı́a et al12 reported
knee immobilization for 1 week as part of their postopera-
tive rehabilitation whereas Angers-Goulet et al1 reported
knee immobilization for 10 days postoperatively. Additional
investigations are warranted to compare operative and
nonoperative treatment of this injury, as well as to evaluate
the patient- and injury-specific variables dictating the tim-
ing and success of RTP.

Limitations

This study was not without limitations. The small sample
size and poor MCMS score is related to the low incidence of
reported proximal rectus femoris injuries occurring in ath-
letes in the literature. As such, the poor MCMS score is a
result of the included studies with evidence levels of 3 to 5,
as the MCMS criteria lead to higher scores in large, ran-
domized, prospective studies, of which none are currently
present in the literature. Moreover, the studies included in
this systematic review were largely limited to small case
series and retrospective reviews, further limiting the gen-
eralizability of outcomes to nonathletes, emphasizing the
necessity for higher quality investigations in larger patient
populations. As mentioned, there is clearly a selection bias
toward reporting surgical treatment of athletes sustaining
proximal rectus femoris injuries. Due to the heterogeneity
of patient-reported outcome measures and the small sam-
ple size of nonoperatively treated patients, we were unable
to perform any meaningful statistical analyses evaluating
outcomes based on injury management. In addition, there
were no objective rating scales or accepted patient-reported
outcome measures on which to base the success of treat-
ment. Furthermore, due to the small number of identified
studies, we elected to include studies reporting data with
less than 2-year follow-up. Finally, based on the inherent
limitations of systematic reviews, indications and justifica-
tions for operative versus nonoperative management were
not always reported, limiting our ability to define criteria
validating 1 treatment over the other. Further high-quality
investigations are necessary to better determine the

TABLE 3
Complications of Proximal Rectus Femoris Avulsiona

Operative
Treatment, n

Nonoperative
Treatment, n

Recurrent pain 2 2
Recurrent injury 4 0
LFCN

neurapraxia
8 0

LFCN injury 4 0
Hematoma 1 0
Total 19 2

aLFCN, lateral femoral cutaneous nerve.
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indications for surgery and both subjective and objective
outcomes following treatment of proximal rectus femoris
tears.

CONCLUSION

Full-thickness proximal rectus femoris injuries occurred
most frequently in athletes participating in soccer and
rugby secondary to explosive, eccentric contractions
involved in kicking and sprinting. Operative management
was performed in the majority of cases reported in the lit-
erature. Athletes undergoing operative repair had a 100%
RTP rate versus 93.3% in athletes treated nonoperatively.
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15. Irmola T, Heikkilä J, Orava S, Sarimo J. Total proximal tendon avulsion

of the rectus femoris muscle. Scand J Med Sci Sports. 2007;17(4):

378-382.

16. Kannus P, Natri A. Etiology and pathophysiology of tendon ruptures in

sports. Scand J Med Sci Sports. 1997;7(2):107-112.

17. Kayani B, Singh S, Chang JS, et al. Outcomes of surgical repair ver-

sus primary tenodesis for proximal rectus femoris avulsion injuries in

professional athletes. Am J Sports Med. 2021;49(1):121-129.

18. Knapik DM, Trasolini NA, Diaz CC, Chahla J, Forsythe B. Avulsion injuries

and ruptures of the proximal rectus femoris in skeletally mature, high-level

athletes: a critical analysis review. JBJS Rev. 2021;9(7):e20.

19. Langer PR, Selesnick H. Proximal rectus femoris avulsion in an elite,

Olympic-level sprinter. Am J Orthop (Belle Mead NJ). 2010;39(11):

543-547.

20. Lasky-McFarlin C, Thomas M, Newman J, Thorpe D. Lack of abdom-

inal stability and control as a possible contributor to rectus femoris

avulsion fracture in the adolescent soccer player: a case report.

Pediatr Phys Ther. 2021;33(1):e15-e22.

21. Lempainen L, Kosola J, Pruna R, et al. Operative treatment of prox-

imal rectus femoris injuries in professional soccer players: a series of

19 cases. Orthop J Sports Med. 2018;6(10):2325967118798827.

22. Lempainen L, Kosola J, Valle X, et al. Chronic and recurrent rectus

femoris central tendon ruptures in athletes: clinical picture, MRI find-

ings, and results of surgical treatment. Orthop J Sports Med. 2021;

9(2):2325967120984486.

23. Morgan C, Konopinski M, Dunn A, Milsom J. Rehabilitation of rectus

femoris injuries in kicking athletes. Sport Perform Sci Rep. 2018;1:31.

24. Olmo J, Aramberri M, Almaraz C, Nayler J, Requena B. Successful

conservative treatment for a subtotal proximal avulsion of the rectus

femoris in an elite soccer player. Phys Ther Sport. 2018;33(62):62-69.

25. Pesquer L, Poussange N, Sonnery-Cottet B, et al. Imaging of rectus

femoris proximal tendinopathies. Skeletal Radiol. 2016;45(7):889-897.

26. Pogliacomi F, Visigalli A, Valenti PG, et al. Rectus femoris myotendi-

nous lesion treated with PRP: a case report. Acta Biomed. 2019;

90(suppl 12):178-183.

27. Sinikumpu J-J, Hetsroni I, Schilders E, et al. Operative treatment of

pelvic apophyseal avulsions in adolescent and young adult athletes: a

follow-up study. Eur J Orthop Surg Traumatol. 2018;28(3):423-429.

28. Sonnery-Cottet B, Barbosa NC, Tuteja S, et al. Surgical management

of rectus femoris avulsion among professional soccer players. Orthop

J Sports Med. 2017;5(1):2325967116683940.

29. Straw R, Colclough K, Geutjens G. Surgical repair of a chronic rupture

of the rectus femoris muscle at the proximal musculotendinous junc-

tion in a soccer player. Br J Sports Med. 2003;37(2):182-184.

30. Ueblacker P, Müller-Wohlfahrt H-W, Hinterwimmer S, Imhoff AB,

Feucht MJ. Suture anchor repair of proximal rectus femoris avulsions

in elite football players. Knee Surg Sports Traumatol Arthrosc. 2015;

23(9):2590-2594.

31. Uzun M, Alpan B, Ozger H. Avulsion fractures involving the straight and

reflected heads of the rectus femoris. Hip Int. 2014;24(2):206-209.

32. Wittstein J, Klein S, Garrett WE. Chronic tears of the reflected head of

the rectus femoris: results of operative treatment. Am J Sports Med.

2011;39(9):1942-1947.

The Orthopaedic Journal of Sports Medicine Isolated, Full-Thickness Proximal Rectus 7


	Isolated, Full-Thickness Proximal Rectus Femoris Injury in Competitive Athletes: A Systematic Review of Injury Characteristics and Return to Play
	METHODS
	Search Criteria and Article Selection
	Variables of Interest
	Assessment of Study Quality
	Statistical Analysis

	RESULTS
	Patient Demographics, Sport Activity, and Mechanism of Injury
	Anatomic Involvement of Injury and Management
	Return-to-Sport Rates and Timing
	Complications
	Assessment of Study Quality

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


