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a r t i c l e i n f o

Article history:
Received 6 November 2020
Received in revised form
29 September 2021
Accepted 27 October 2021
Available online 20 November 2021

Keywords:
Avulsion fractures
Quadriceps muscle
Surgery
* Corresponding author. Orthopaedic Surgery and
Saint-Anne Military Teaching Hospital, Toulon 83000

E-mail address: choufanicamille@gmail.com (C. Ch
Peer review under responsibility of Chinese Medi

https://doi.org/10.1016/j.cjtee.2021.11.004
1008-1275/© 2021 Chinese Medical Association. Pr
creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Purpose: No therapeutic consensus has been established about proximal ruptures of the rectus femoris
muscle. The objective of this literature review is to determine a therapeutic course of action.
Methods: We conducted a literature review on the PubMed database using the following keywords (in
French and English, respectively): "quadriceps/quadriceps", "droit ant�erieur/rectus femoris", "proximal/
proximal", "chirurgie/surgical", "avulsion/avulsion". We collected 266 articles, 36 of them were selected,
which were related to our topic: proximal rupture of the anterior rectus femoris. Patients with a proximal
rupture of the rectus femoris, minor or major patient of traumatic origin were included in this study.
Patients injured at another lesion level, or non-traumatic lesions of the proximal rectus femoris
(tendinitis without ruptures, tumor or others) were excluded. For each patient, the indications, the type
of treatment and the functional result were analyzed, with the time to recovery and the level of recovery
from sports and professional activities (same sport/profession or not, same level or not) as the main
criterion of judgment. Fisher exact test was used for statistical comparison.
Results: The aims of conservative treatment are to be pain free for the patient, to fight hematoma and to
rehabilitate the injury as quickly as possible. The surgical techniques are varied, with most consisting of
either a reinsertion of the musculo-tendon stump or a resection of the scar tissue with myo-tendino-
aponeurotic suture in place. The functional results are good for the majority of the treatments pro-
posed, but the conservative treatment has a shorter recovery time (3 months vs. 4 months for the best
surgical results). Highly displaced bone avulsion is the only indication for first-line surgical treatment.
Conslusion: The main disadvantage of conservative treatment is the risk of residual pain beyond 3
months (10%), justifying an MRI to guide secondary surgical treatment. We propose a treatment plan for
proximal rupture of the proximal rectus femoris rupture.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction in the literature for proximal anterior rectus tendon rupture in
Damage to the musculotendinous junction of the quadriceps is
frequent, but injuries to the proximal seat in the rectus femoris
remain rare, accounting for approximately 1.5% of hip injuries
occurring during sports activity.1 They generally affect top-level
athletes as a result of sudden eccentric contraction in the position
of muscle elongation (hip extension, knee flexion). It is too often
initially misdiagnosed,2,3 leading to a delay in treatment.

No therapeutic consensus has yet been clearly established for
proximal rupture of the anterior rectus tendon. The aim of our work
was to analyze the outcomes of the different treatments proposed
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order to define the surgical indications. Our hypothesis was that
surgical treatment allowed a better and earlier functional recovery
with resumption of the same sports and professional activities at
the pre-injury level.
Methods

We conducted a literature review on the PubMed database using
the following keywords (in French and English, respectively):
"quadriceps/quadriceps", "droit ant�erieur/rectus femoris", "prox-
imal/proximal", "chirurgie/surgical", and "avulsion/avulsion".

From these words we were able to collect 266 articles. Among
these articles, 36 were selected. There were 15 case series (at least 2
cases each), 18 clinical cases reports, and 3 expert opinion articles
that related to our topic: proximal rupture of the anterior rectus
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femoris. We checked for each of them that the inclusion criteria
were respected: patients with a proximal rupture of the rectus
femoris, minor or major patient of traumatic origin. We excluded
patients injured at another lesion level, or non-traumatic lesions of
the proximal rectus femoris (tendinitis without ruptures, tumor or
others).

For each patient, the indications and the type of treatment
(conservative or surgical) were analyzed according to the type of
lesion (myo-tendinous rupture, bone avulsion) and the functional
result, with the time to recovery and the level of recovery from
sports and professional activities (same sport/profession or not,
same level or not) as the main criterion of judgment.

We analyzed the time taken to complete recovery.We compared
conservative treatment against 1st line surgical treatment with p
values defined as significant if less than 0.5. To do this comparison,
we used a minimum and a maximum time for each situation. The
statistical comparison was done with an exact test of Fisher. The
secondary objectiveswere to identify themodalities of the different
treatments, as well as the risks and disadvantages of each.

Results

Results of different treatment options

Some authors proposed different treatments in the same series
of patients.

Conservative treatment
Thirteen articles (describing a total of 51 patients) reported

conservative treatment.4e16 The aim of conservative treatment was
in all cases to combat hematoma (icing, compression, discharge,
cessation of activity, puncture-evacuation) and to optimize
musculo-tendinous healing (rehabilitation, ultrasound, etc). The
general principles of the rehabilitation protocols (when they were
detailed in the articles) were:

(1) Limit fibroblastic production with ultrasound and by
administering no non-steroidal anti-inflammatory drugs
during the first 48 h.

(2) Orient the healing process by gentle early rehabilitation,
stretching, and isometric, then isotonic, and concentric, then
eccentric, contractions, in discharge, then in charge.

(3) Optimize the function of the muscle fibers with isokinetic
muscle strengthening, proprioceptive work, starting/accel-
erating work, and the progressive resumption of sport
(cycling and swimming, then jogging and jumping).

Of these 51 patients, 12 had bone avulsion (11 adolescents and 1
adult).6,14e16

Surgical treatment
Twenty-five articles reported surgical treatment in a total of 67

patients.2,5,7,14,17e35 Numerous surgical techniques were utilized
without any comparative study between them.

Common elements were the anterior approach, which, accord-
ing to Hueter (48 cases), was the most common, Smith-Petersen
approach was less common (4 cases). In the majority of cases, a
regional release of the rectus femoris was necessary because it was
often retracted with adhesions to facilitate mobilization.

The differences were in the type of repair. In acute cases (10
articles reporting a total of 26 patients), repair was performed by
reinsertion on anchors in 14 cases18e22; the fibrous stump was
resected with local musculo-tendino-aponeurotic suture in 1 case;
26 the stumps were directly sutured in 8 cases20,24,25; and the
stumps were reinserted through trans-osseous tunnels in 1 case.23
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In 2012, Garcia et al.20 proposed optimizing healing of the surgical
repair by a local injection of platelet-rich plasma for 4 of his 10
patients. In acute cases of bone avulsion (2 cases), either screw
fixation (1 adult case)17 or anchor fixation (1 adolescent case)18 was
proposed.

When surgical treatment was proposed as second-line treat-
ment after failure of conservative treatment (15 articles with 41
patients),2,9,14,17,19,27e35 it was carried out as proximal tendon
reconstruction (1 case of synthetic graft, no cases of autologous
graft),2,9,14,17,19,27e35 resection of scar tissue alone (23 cases,
including 16 by arthroscopy),5,35 or resection of the fibrous stump
with a local myo-tendinous suture (6 cases).26 For cases of bone
avulsion treated secondarily by surgery (9 cases), either bone
resection alone (7 cases, including 1 by arthroscopy)14,27e30 or
reduction and fixation by screwing (2 cases)17,31 was performed. In
2 cases, second-line surgery was resection of a symptomatic labral
lesion.17,31 The delay between trauma and second-line surgical
treatment was a minimum of 6 months17,31 and a maximum of 2
years.17,31

Post-operative care consisted of a limb discharge and the
wearing of an extended knee splint for 6 weeks in order to limit
post-operative stress on the repair.19,26,35,36 A protocol of early
passive rehabilitation was always put in place to limit adhesions,
then the rehabilitation was gradually intensified, with a complete
resumption of activities at a minimum of 4months and amaximum
of 2 years post-operatively. Sonnery-Cottet19,26,35,36 proposed a
faster post-operative rehabilitation protocol after resection of the
fibrosis and local suture, with 2 weeks or more of discharge
(depending on the pain), progressive rehabilitation of the extensor
apparatus between 2 and 6weeks, thenmuscle strengthening up to
the 10th week (depending on tolerance). Sports-specific training
could be resumed from the second month. This approach was
similar to that proposed for pediatric patients who had a shorter
discharge length of 1 week on average (3 days minimum, 2 weeks
maximum).9,17,27,28

Functional outcomes of the different treatments

The functional outcomes of the different treatments show in
Table 1. In study of Gamradt4 on non-operated professional athletes
(11 cases), the complete return to the same sport at the same level
took between 6 and 12 weeks. These results were corroborated by
others.8,10,11 Hsu et al.7 treated 2 high-performance athletes
without surgery who returned to the same sport at the same level
at 3 months.

Studies presenting surgical treatments8,9,14,17e35 reported good
results, even for high-performance sports patients (6 articles rep-
resenting 18 patients in total).2,5,19e21,25,26 Recovery time was
longer for patients undergowent surgery, with a minimum of
4 months and a maximum of 1 year.2,5,19e21,25,26

For second-line surgery, consisting of direct suture performed at
12 months after failure of conservative treatment (failure to return
to sport at the same level), there was a favorable evolution (com-
plete return to activity at the same level) at 6 months post-
operatively at best.2,5,19e21,25,26 This return to activity was
observed at most 2 years after resection of the fibrous scar tissue
following 6 months of insufficient conservative
treatment.2,5,19e21,25,26

For lesions of the bone avulsion type, with conservative treat-
ment, Uzun et al.6 found a completely favorable evolution for 9
young athletes, with an average total follow-up of 26 months (12
months minimum, 48 months maximum). For the same treatment,
Deehan et al.16 reported a complete recovery at 3 months for his
patient. Other authors reported 1 year17 or even 2 years18,29 for a
complete recovery with an acute surgical treatment. Patients with



Table 1
Summary table of functional results.

Treatment methods Complete recovery time (return to the same activities at the same level) for a proximal lesion
of the rectus femoris found in the literature (months)

(Myo-) tendon rupture Bone avulsion

Minimum Maximum Minimum Maximum

Conservative treatment 1.5 3 3 48
First line surgical treatment 4 12 12 48
Second line surgical treatment 6 24 6 54
Conservative treatment against 1st line surgery (p value) 0.06 1
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avulsions treated with second-line surgery had full recovery at 6
months at best,2,5,19e21,25,26 and this could be up to 54 months at
most.2,5,19e21,25,26

We found no statistical difference of conservative treatment
against first-line surgical treatment concerning time taken to
complete recovery.

Complications

Conservative treatment
The complications of conservative treatment can be determined

by analyzing the indications for surgeries performed in a second
stage (41 patients).2,5,7,9,14,17,26,28,30,35 These are as follows:

(1) Sequelar pain alone (10% according to Gamradt4): 22 pa-
tients. The 2 main elements that could cause long-term pain
were the fibrotic or ossified stump of the rupture (20 pa-
tients)5,34,35 and the associated coxo-femoral labral lesions (2
patients).5,34,35

(2) Recurrence (rupture of the scarring area or a partial rupture
that is complete): 6 patients.26,34

(3) Sequelar pain associated with loss of function (quadriceps
extension strength): 4 patients.2,33,34

(4) Complications related to hematoma are regularly mentioned
in the literature, but never in cases reports or cases series.

MRI made it possible to search for a pathological scarring area
and/or associated labral lesions in situations in which a conserva-
tive treatment was unfavorably progressing.9,12

For cases of bone avulsion (9 patients out of 41) treated by
surgery in a second stage after failure of a conservative treatment,
we found 6 painful pseudoarthrosis,17,28,29,31 and 3 painful het-
erotopic ossifications around the avulsion.14,27

Surgical treatment
No recurrence of the rupture was reported in the studies. Mild

sequelar pain was found in 2 of 26 patients treated with first-line
surgery.18,25 The main complications were related to the surgical
approach, with lesions of the lateral cutaneous nerve of the thigh (2
cases out of 5 for Irmola22) causing painful paresthesia and/or
hypoesthesia on the anterolateral side of the thigh. The general
risks associated with any surgery should be taken into account (for
example, Sonnery-Cottet reported that 1 in 5 patients was
complicated by a hematoma).3,13

Discussion

Our review of the literature confirms the rarity of these lesions
and the lack of consensus in terms of treatment. The rarity can also
be explained by the difficulty of clinical diagnosis, which often
remains unknown and is responsible for diagnostic wandering and
a delay in treatment.3,13 Imaging is useful for confirming the
diagnosis (radiography showing bone avulsion, ultrasound, and
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MRI) and analyzing the rupture (level of rupture, level of retraction,
hematoma, involvement of 1 or 2 heads of rectus femoris mus-
cle).3,37,38 Ultrasonography allows static and dynamic evaluation at
a lower cost and is therefore indicated for first-line examinations,
especially in acute cases. MRI is of interest in cases of sequelae pain
and allows a more precise analysis, especially in a second stage
when conservative treatment has failed, as it can highlight patho-
logical scarring areas.3,26,34,39 In particular, it allows the search for
symptomatic associated coxo-femoral labral lesions12 called HAL-
TAR (hip antero-superior labral tear with avulsion of rectus femoris
lesion)40 for which a surgical procedure may be necessary.9,12 This
is the first exhaustive review on the treatment of proximal tears of
the rectus femoris tendon.

Fromanepidemiological point of view, the rectus femorismuscle
is the quadricipital muscle portion most often affected in cases of
proximal involvement.5,41,42 This can be explained by the biarticular
anatomy of this muscle and its hyper-solicitation during resistance
work (sudden eccentric contraction in elongated position of the
muscle e hip extension with knee flexion during sprinting and
football, for example).41-45 The 2 most frequent bone avulsion sites
(with or without bone fragment) are at its proximal origin (anterior
superior iliac spine) and the distal tendinous portion.46

Pure muscle damage appears to be an indication for conserva-
tive treatment only.4,5,7,8 The therapeutic approach was highly
variable and dependent on the type of proximal lesion (tendinous,
musculoaponeurotic, bone avulsion); no consensus exists. In cases
of bone avulsion (predominant in adolescents,47 with 14 of the 23
patients found being adolescents) or pure musculo-tendinous or
tendon damage in the body, treatment is discussed (conservative or
surgical, which type of surgery).5,13

The therapeutic results (return to sport, functional result)
seemed good regardless of the treatment (conservative or surgical).
The main difference was the recovery time, which was shorter for
conservative treatment (maximum 3 months)4,7 than for surgical
treatment (minimum 4 months).20,21,26 Whether a patient was a
high-level athlete and the type of lesion (tendon, muscu-
loaponeurotic, bone avulsions) did not influence whether acute
surgical treatment was applied. In the case of full-body musculo-
tendinous or pure tendon damage, conservative treatment seemed
preferable because of the shorter recovery time. In professional and
very high-level athletes, it has not been shown that surgical
treatment allows an earlier return to the same sport at the same
level, especially for those with a high functional demand on
explosive hip flexion movements.4,7 On the contrary, conservative
treatment allowed a faster recovery.4,19,22,25

The same findings were made6 with conservative treatment for
bone avulsions with little or no displacement of the proximal rectus
femoris. No precise data on the extent of displacement were pro-
vided. The consensus that emerged was that provided in Rajase-
khar's article17: surgery should be proposed for bone avulsions in
cases in which displacement is greater than 2 cm or symptomatic
pseudarthrosis or heterotopic ossification around the avulsion is
observed.



Fig. 1. Decision tree in front of a proximal rupture of the rectus femoris.
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The main prognostic factor mentioned was the time to man-
agement, with a benefit to early management (diagnosis and
treatment). Early conservative treatment would make it possible to
limit residual pain and complications in the medium term, to
promote a quick complete recovery, and accordingly prevent the
development of scarring fibrosis.

The main risk of surgical treatment was related to the approach,
as the lateral cutaneous nerve of the thigh could be affected. In
contrast, conservative treatment was associated with sequelar pain
beyond 3 months in 10% of patients,4,34 justifying surgical inter-
vention in a second stage. There are many second-line surgical
techniques, but simple resection of the tendinous fibrosis with local
musculoaponeurotic suture seems sufficient to allow complete and
quick recovery.4,7

Concerning the surgical technique, it is not possible to define a
reference technique because there are no comparative or compa-
rable studies. In the case of tendon avulsion, a two-row reinsertion
with 2 anchors versus a single-row anchor has been discussed in
the literature to provide a better hold, but at a higher cost and
without an influence on the final result.4,7 Garcia20 is the only
author to have proposed a complementary local infiltration of
platelet-rich plasma intraoperatively, with better results in his
series.

In the event of failure of the conservative treatment after 3
months of appropriate treatment,4,19 a surgical procedure could be
proposed and would be predicted to provide good functional re-
sults4,19 after excision of the fibrous tissue and suturing of the
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stump at the level of retraction. This technique makes it possible to
resect the fibrosis that is often responsible for residual pain,4,19 and
suturing instead of retraction in the myo-tendinous zone would
allow more solid local integration without reinsertion tension with
a reduced risk of recurrence, particularly in high-level athletes.4,19

In conclusion, after review of the literature, we propose the
following treatment plan (Fig. 1) for the proximal rectus femoris
rupture:

(1) Myotendinous rupture: do a conservative treatment for 3
months (analgesic treatment, measures to reduce hematoma,
and early adapted rehabilitation). If conservative treatment
fails (persistent pain): you should an MRI. The 2nd line sur-
gery is so: resection of the fibrosis/ossification, and suturing
in place of the musculo-tendino-aponeurotic stumps, as
well as treatment of the associated lesions (HALTAR).

(2) Bone avulsion: conservative treatment unless the displace-
ment is greater than 2 cm. In such cases, reinsertion by screw
or anchor is recommended.

The analysis was based on a review of very heterogeneous ar-
ticles of low to medium scientific quality (case series and clinical
cases). Thus, the conclusions of our analysis can only be of low
scientific value and need to be validated by future studies of higher
level of evidence. However, this remains the only exhaustive
analysis to date on the subject.



C. Choufani, F. Khiami and O. Barbier Chinese Journal of Traumatology 25 (2022) 232e236
Funding

Nil.

Ethical statement

Not applicable.

Declaration of competing interest

The authors declare that they have no competing interests
(financial or nonfinancial).

Author contributions

Choufani C: conceived and designed the analysis, collected the
data, contributed data or analysis tools, performed the analysis and
wrote the paper. Khiami F: conceived and designed the analysis and
helped to write the paper. Barbier O: conceived and designed the
analysis, helped to perform the analysis and write the paper.

References

1. Kannus P, Natri A. Etiology and pathophysiology of tendon ruptures in sports.
Scand J Med Sci Sports. 1997;7:107e112. https://doi.org/10.1111/j.1600-
0838.1997.tb00126.x.

2. Huri G, Dubin JM, Ozgonen K, et al. A unique rectus femoris injury in an
adolescent professional soccer player: a case report. JBJS Case Connect. 2014;4:
e115.

3. Pesquer L, Poussange N, Sonnery-Cottet B, et al. Imaging of rectus femoris
proximal tendinopathies. Skeletal Radiol. 2016;45:889e897.

4. Gamradt S. Nonoperative treatment for proximal avulsion of the rectus femoris
in professional American football. Am J Sports Med. 2009;37:1370e1374.

5. Hughes 4th C, Hasselman CT, Best TM, et al. Incomplete, intrasubstance strain
injuries of the rectus femoris muscle. Am J Sports Med. 1995;23:500e506.
https://doi.org/10.1177/036354659502300422.

6. Uzun M, Bugra A, Ozger H. Avulsion fractures involving the straight and re-
flected heads of the rectus femoris. Hip Int. 2014;24:206e209. https://doi.org/
10.5301/hipint.5000110.

7. Hsu JC, Fischer DA, Wright RW. Proximal rectus femoris avulsions in National
Football League kickers: a report of 2 cases. Am J Sports Med. 2005;33:
1085e1087. https://doi.org/10.1177/0363546504273045.

8. Esser S, Jantz D, Hurdle M, et al. Proximal rectus femoris avulsion: ultrasonic
diagnosis and nonoperative management. J Athl Train. 2015;50:778e780.
https://doi.org/10.4085/1052-6050-50.2.13.

9. Foote CJ, Maizlin ZV, Shrouder J, et al. The association between avulsions of the
reflected head of the rectus femoris and labral tears: a retrospective study.
J Pediatr Orthop. 2013;33:227e231. https://doi.org/10.1097/
BPO.0b013e3182880978.

10. Park CK, Zlomislic V, Chang DJ, et al. Poster 180 rectus femoris avulsion of the
direct and reflected heads in a kickball player: MRI diagnosis and nonoperative
outcome. Pharm Manag PM R. 2016;8:S220. https://doi.org/10.1016/
j.pmrj.2016.07.220.

11. Olmo J, Aramberri M, Almaraz C, et al. Successful conservative treatment for a
subtotal proximal avulsion of the rectus femoris in an elite soccer player. Phys
Ther Sport. 2018;33:62e69. https://doi.org/10.1016/j.ptsp.2018.07.004.

12. Hosalkar HS, Pennock AT, Zaps D, et al. The hip antero-superior labral tear with
avulsion of rectus femoris (HALTAR) lesion: does the SLAP equivalent in the hip
exist? Hip Int. 2012;22:391e396. https://doi.org/10.5301/HIP.2012.9470.

13. Temple HT, Kuklo TR, Sweet DE, et al. Rectus femoris muscle appearing as a
pseudotumor. Am J Sports Med. 1998;26:544e548. https://doi.org/10.1177/
03635465980260041301.

14. Knobloch K, Kramer R, Sommer K, et al. Avulsion injuries of the anterior iliac
spine among soccer players–a differential diagnosis to neoplasm decades
following the trauma. Sportverletz Sportschaden. 2007;21:152e156. https://
doi.org/10.1055/s-2007-963525.

15. Mader TJ. Avulsion of the rectus femoris tendon: a usual type of pelvic fracture.
Pediatr Emerg Care. 1990;6:198e199. https://doi.org/10.1097/00006565-
199009000-00009.

16. Deehan DJ, Beattle TF, Knight D, et al. Avulsion fracture of the straight and
reflected heads of rectus femoris. Arch Emerg Med. 1992;9:310e313. https://
doi.org/10.1136/emj.9.3.310.

17. Rajasekhar C, Kumar KS, Bhamra MS. Avulsion fractures of the anterior inferior
iliac spine: the case for surgical intervention. Int Orthop. 2001;24:364e365.
https://doi.org/10.1007/s002640000184.

18. Kim JW, Hwang YS, Moon KP, et al. Treatment of avulsion fracture of proximal
rectus femoris with suture anchor. Kor J Sports Med. 2016;34:83e86.
236
19. Dean CS, Arbeloa-Gutierrez L, Chahla J, et al. Proximal rectus femoris avulsion
repair. Arthrosc Tech. 2016;5:545e549. https://doi.org/10.1016/
j.eats.2016.02.002.

20. Garcia VV, Duhrkop DC, Seijas R, et al. Surgical treatment of proximal ruptures
of the rectus femoris in professional soccer players. Arch Orthop Trauma Surg.
2012;132:329e333. https://doi.org/10.1007/s00402-011-1372-8.

21. Ueblacker P, Muller-Wohlfahrt HW, Hinterwimmer S, et al. Suture anchor
repair of proximal rectus femoris avulsions in elite football players. Knee Surg
Sports Traumatol Arthrosc. 2015;23:2590e2594. https://doi.org/10.1007/
s00167-014-3177-0.

22. Irmola T, Heikkila JT. Total proximal tendon avulsion of the rectus femoris
muscle. Scand J Med Sci Sports. 2007;17:378e382. https://doi.org/10.1111/
j.1600-0838.2006.00564.x.

23. Bottoni CR, D'Alleyrand JG. Operative treatment of a complete rupture of the
origination of the rectus femoris. Sport Health. 2009;1:478e480. https://
doi.org/10.1177/1941738109337777.

24. El Mrini A, Marzouki A, Boutayeb F. Rupture du tendon droit ant�erieur. J Traum
Sport. 2006;23:46e48.

25. Langer PR, Selesnick H. Proximal rectus femoris avulsion in an elite, Olympic-
level sprinter. Am J Orthoped. 2010;39:543e547.

26. Sonnery-Cottet B, Barbosa NC, Tuteja S, et al. Surgical management of rectus
femoris avulsion among professional soccer players. Orthop J Sports Med.
2017;5:1e6. https://doi.org/10.1177/2325967116683940.

27. Nakano N, Lisenda L, Khanduja V. Arthroscopic excision of heterotypic ossifi-
cation in the rectus femoris muscle causing extraarticular anterior hip
impingement. SICOT J. 2018;4:41. https://doi.org/10.1051/sicotj/2018036.

28. Alhaneedi GA, Abdullah ASA, Ghouri SI, et al. Avulsion fracture of anterior
inferior iliac spine complicated by hypertrophic malunion causing femo-
roacetabular impingement: case report. Int J Sure Case Rep. 2015;11:117e120.
https://doi.org/10.1016/j.ijscr.2015.04.025.

29. Milankov M, Milijkovic N, Savic D, et al. Operative treatment of avulsion
fractures of the anterior inferior iliac spine: a two-case report. J Orthop Trauma.
2005;6:154e157.

30. Irving MH. Exostosis formation after traumatic avulsion of the anterior inferior
iliac spine. J Bone Joint Surg Br. 1964;46:720e722.

31. Saluan PM. Weiker GG Avulsion of the anterior inferior iliac spine. Orthopedics.
1997;20:558e559.

32. Taylor C, Yarlagadda R, Keenan J. Repair of rectus femoris rupture with LARS
ligament. BMJ Case Rep. 2012;2012, bcr0620114359. https://doi.org/10.1136/
bcr.06.2011.4359.

33. Straw R, Colclough K, Geutjens G. Surgical repair of a chronic rupture of the
rectus femoris muscle at the proximal musculotendinous junction in a soccer
player. Br J Sports Med. 2003;37:182e184. https://doi.org/10.1136/
bjsm.37.2.182.

34. 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;39:1942e1947.
https://doi.org/10.1177/0363546511413251.

35. Zini R, Panasci M. Post-traumatic ossifications of the rectus femoris: arthro-
scopic treatment and clinical outcome after 2 years. Injury. 2018;49:
S100eS104. https://doi.org/10.1016/j.injury.2018.09.062.

36. Cross MJ, Vandersluis R, Wood D, et al. Surgical repair of chronic complete
hamstring tendon rupture in the adult patient. Am J Sports Med. 1998;26:
785e788. https://doi.org/10.1177/03635465980260060801.

37. Swamy GN, Nanjayan SK, Yallappa S, et al. Is ultrasound diagnosis reliable in
acute extensor tendon injuries of the knee? Acta Orthop Belg. 2012;78:
764e770.

38. Bianchi S, Martinoli C, Waser NP, et al. Central aponeurosis tears of the rectus
femoris: sonographic findings. Skeletal Radiol. 2002;31:581e586. https://
doi.org/10.1007/s00256-002-0559-z.

39. Ehman RL, Berquist TH. Magnetic resonance imaging of musculoskeletal
trauma. Radiol Clin. 1986;24:291e319.

40. Pierannunzii L. Comment on: “The hip antero-superior labral tear with avul-
sion of rectus femoris (HALTAR) lesion: does the SLAP equivalent in the hip
exist?” by Hosalkar et al. Hip Int. 2012;22:690. https://doi.org/10.5301/
HIP.2012.10341.

41. Speer KP, Lohnes J, Garrett Jr WE. Radiographic imaging of muscle strain injury.
Am J Sports Med. 1993;21:89e95. https://doi.org/10.1177/
036354659302100116.

42. Armfield DR, Kim DH, Towers JD, et al. Sports related muscle injury in the
lower extremity. Clin Sports Med. 2006;25:803e842. https://doi.org/10.1016/
j.csm.2006.06.011.

43. Garrett Jr WE, Nikolaou PK, Ribbeck BM, et al. The effect of muscle architecture
on the biomechanical failure properties of skeletal muscle under passive
extension. Am J Sports Med. 1988;16:7e12. https://doi.org/10.1177/
036354658801600102.

44. Garrett Jr WE, Almekinders L, Seaber AV. Biomechanics of muscle tears and
stretching injuries. Trans Orthop Res Soc. 1984;9:384.

45. Zarins B, Ciullo JV. Acute muscle and tendon injuries in athletes. Clin Sports
Med. 1983;2:167e182.

46. Hasselman CT, Best TM, Hughes C, et al. An explanation for various rectus
femoris strain injuries using previously undescribed muscle architecture. Am J
Sports Med. 1995;23:493e499. https://doi.org/10.1177/036354659502300421.

47. Schr€oter F. Aspects of expert opinions of avulsion fractures. Orthop€a. 2016;45:
242e248. https://doi.org/10.1007/s00132-016-3229-x.

https://doi.org/10.1111/j.1600-0838.1997.tb00126.x
https://doi.org/10.1111/j.1600-0838.1997.tb00126.x
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref2
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref2
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref2
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref3
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref3
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref3
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref4
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref4
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref4
https://doi.org/10.1177/036354659502300422
https://doi.org/10.5301/hipint.5000110
https://doi.org/10.5301/hipint.5000110
https://doi.org/10.1177/0363546504273045
https://doi.org/10.4085/1052-6050-50.2.13
https://doi.org/10.1097/BPO.0b013e3182880978
https://doi.org/10.1097/BPO.0b013e3182880978
https://doi.org/10.1016/j.pmrj.2016.07.220
https://doi.org/10.1016/j.pmrj.2016.07.220
https://doi.org/10.1016/j.ptsp.2018.07.004
https://doi.org/10.5301/HIP.2012.9470
https://doi.org/10.1177/03635465980260041301
https://doi.org/10.1177/03635465980260041301
https://doi.org/10.1055/s-2007-963525
https://doi.org/10.1055/s-2007-963525
https://doi.org/10.1097/00006565-199009000-00009
https://doi.org/10.1097/00006565-199009000-00009
https://doi.org/10.1136/emj.9.3.310
https://doi.org/10.1136/emj.9.3.310
https://doi.org/10.1007/s002640000184
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref18
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref18
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref18
https://doi.org/10.1016/j.eats.2016.02.002
https://doi.org/10.1016/j.eats.2016.02.002
https://doi.org/10.1007/s00402-011-1372-8
https://doi.org/10.1007/s00167-014-3177-0
https://doi.org/10.1007/s00167-014-3177-0
https://doi.org/10.1111/j.1600-0838.2006.00564.x
https://doi.org/10.1111/j.1600-0838.2006.00564.x
https://doi.org/10.1177/1941738109337777
https://doi.org/10.1177/1941738109337777
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref24
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref24
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref24
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref24
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref25
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref25
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref25
https://doi.org/10.1177/2325967116683940
https://doi.org/10.1051/sicotj/2018036
https://doi.org/10.1016/j.ijscr.2015.04.025
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref29
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref29
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref29
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref29
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref30
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref30
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref30
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref31
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref31
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref31
https://doi.org/10.1136/bcr.06.2011.4359
https://doi.org/10.1136/bcr.06.2011.4359
https://doi.org/10.1136/bjsm.37.2.182
https://doi.org/10.1136/bjsm.37.2.182
https://doi.org/10.1177/0363546511413251
https://doi.org/10.1016/j.injury.2018.09.062
https://doi.org/10.1177/03635465980260060801
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref37
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref37
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref37
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref37
https://doi.org/10.1007/s00256-002-0559-z
https://doi.org/10.1007/s00256-002-0559-z
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref39
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref39
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref39
https://doi.org/10.5301/HIP.2012.10341
https://doi.org/10.5301/HIP.2012.10341
https://doi.org/10.1177/036354659302100116
https://doi.org/10.1177/036354659302100116
https://doi.org/10.1016/j.csm.2006.06.011
https://doi.org/10.1016/j.csm.2006.06.011
https://doi.org/10.1177/036354658801600102
https://doi.org/10.1177/036354658801600102
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref44
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref44
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref45
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref45
http://refhub.elsevier.com/S1008-1275(21)00185-1/sref45
https://doi.org/10.1177/036354659502300421
https://doi.org/10.1007/s00132-016-3229-x

	Should proximal ruptures of the anterior rectus femoris muscle be treated surgically?
	Introduction
	Methods
	Results
	Results of different treatment options
	Conservative treatment
	Surgical treatment

	Functional outcomes of the different treatments
	Complications
	Conservative treatment
	Surgical treatment


	Discussion
	Funding
	Ethical statement
	Declaration of competing interest
	Author contributions
	References


