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SUMMARY
Introduction. Proximal ruptures of hamstrings are rare. Their evolution in absence of 
surgery is relatively unknown. We aimed to describe the evolution of patients with non-op-
erated proximal hamstring ruptures, in terms of strength recovery, self-satisfaction and 
return to sport. Methods. We included retrospectively 16 patients addressed for isokinet-
ic strength evaluation of the hamstrings after non-operated unilateral proximal rupture. 
Isokinetic strength assessment was performed between 4 and 100 months after injury and 
subjective scores were performed at the last follow-up. The concentric evaluation was 
performed with 3 repetitions at 60°/s followed by 5 repetitions at 180°/s. The eccentric 
mode was evaluated by 5 repetitions at 60°/s followed by 5 repetitions at 120°/s. Results. 
All the patients went back to sport, with a mean time of 7.0 +/- 2.9 months, to the same 
level of practice or to a lower level. The Tegner score was decreased from 6.9 +/- 1.7 to 
6.1 +/- 1.9 (p = 0.03). Fifteen patients were very satisfied or satisfied and subjective scores 
were high. Four months after the injury, the concentric strength deficit was 40% +/- 25 
and decrease to 25% +/- 12 at 2 years. Yet, eccentric deficit persisted in time. Conclusion. 
Subjective results were good despite a persistence of an isokinetic strength deficit. 
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INTRODUCTION
Hamstring injuries are well described because of their 
frequency in high-level athletes (1,2). They represent 12 
to 24% of the lesions during a sport-season in profession-
al soccer players (3,4). However, proximal lesions are not 
very frequent, about 12% of whole hamstring lesions (5). 
According to the micro-traumatic or traumatic mechanism, 
3 entities may be schematically identified: tendinopathy, 

incomplete rupture (depending on the numbers of injured 
tendons) and complete rupture of the 3 muscle insertions, 
that is to say, semitendinosus, biceps femoris and semimem-
branosus (6–8). Many asymptomatic cases have been report-
ed in case of degenerative tendons (9). In getting older, 
2% of the general population, has an asymptomatic bilat-
eral complete rupture and 15% an asymptomatic bilateral 
incomplete one. Semimembranosus insertion is usually the 
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most often injured. Most of the cases described in literature 
are from surgical series. Yet, surgery remains controversial 
because of the absence of randomized prospective study 
(10,11). Traumatic complete rupture of the hamstrings with 
a retraction of more than 2 centimeters, diagnosed in the 
first 4 weeks in young athletes seems to be the best surgi-
cal indications (2,10,12–15). Complications after surgery 
may occur, such as rupture recidivism (2.1 to 2.8%) and 
superficial infections (2.4 to 3.25%) (10,11). Residual 
pain is reported in 8 to 61% of the cases and 71% of the 
patients have a lack of confidence in their operated leg (16). 
Anyway, Van der Made et al. found that 76% of the subjects 
returned to the same sport but only 55% to the same sport 
level. Conversely, only few non-operated cases have been 
reported10. In their systematic literature review, Harris et 
al. found only 14 non-operated cases that they compared 
to 284 operated case (11). More recently, Bodendorfer et 
al. described only 28 non-operated cases from 795 cases of 
proximal hamstring avulsions (10). The first series reporting 
10 non-operated cases, were published in 1996(17). Results 
were not good in terms of return to sport but, it concerned 
only water-skiers. Water-skiing is the principal sport provid-
ing such lesions and return to sport remains difficult what-
ever the treatment (11,18). Hofmann et al.(19) and Sham-
baugh et al.(20) reported respectively 17 and 14 new cases 
of non-operated complete hamstring avulsions but without 
specific details on sport practice. As hamstring proximal 
rupture is considered to be at the origin of disabling pain 
preventing return to sport, preferring surgical approach has 
been justified despite its several limits (10,11). Yet, some 
reported cases show the possibility to go back to sport with-
out surgical repair (21,22). Other authors described non-sur-
gical management based on anti-inflammatory drug intake 
associated with hip range of motion recovery (2,13,23). 
Ultrasound and shock wave therapies are proposed in case 
of persistent pain. In third intention, corticosteroid or plate-
let rich plasma injections may be proposed (24). In case of 
failure of these medical therapeutics, surgery remains possi-
ble (13,14). Given the lack of knowledge about non-oper-
ated proximal ruptures of the hamstrings, the aim of this 
study was to described the evolution of a series of patients 
with non-operated hamstring injuries, especially in terms of 
strength recovery, self-satisfaction and return to sport.

MATERIALS AND METHODS

Patient selection
We retrospectively included all the patients addressed for 
at least one isokinetic strength evaluation of the hamstrings 
after non-operated unilateral proximal rupture of the 

hamstrings between 2004 and 2014. Rupture was confirmed 
by MRI imaging and classified according to ISMuLT Guide-
lines for muscle injuries (25). This type of recruitment did 
not influence the initial management of the lesions. Criteria 
of inclusion were: complete proximal ruptures of at least 
one tendon of the hamstrings at the proximal level; age 
over 18; injuries during sport practice. Criteria of exclu-
sion were: surgical management of the hamstring rupture; 
distal rupture of the tendons; bone avulsion of the proximal 
hamstring origin. 

Isokinetic evaluation
Muscular strength evaluation was performed with an isoki-
netic dynamometer (Cybex Norm® Lumex Inc. Ronkon-
koma, NY, USA) according to a standardized procedure 
(26): 10 minute warm-up on bicycle, conditioning with 
the machine (realization of 5 submaximal movements and 
2 maximal) and then performing the isokinetic test starting 
with the non-injured side. Isokinetic concentric strength of 
the hamstrings was performed for each patient, associated to 
eccentric measures, which are close to traumatic mechanisms 
(17,27). The concentric evaluation was performed with 3 
repetitions at 60°/s of angular speed followed by 5 repeti-
tions at 180°/s. The eccentric mode was evaluated by 5 repe-
titions at 60°/s of angular speed followed by 5 repetitions 
at 120°/s. Verbal encouragements were provided during the 
tests, and 30 seconds of recovery were given between each 
series. Dynamometer calibration was monthly performed 
according to the constructor recommendations. Knee flexors 
peak torques (hamstrings) was measured and gravity correct-
ed, allowing to calculate strength deficit compared to the 
healthy side with the formula: 1- (Knee flexors peak torques 
of the injured side / Knee flexors peak torques of the healthy 
side). Moderate relative reliability of 0.85 was established for 
strength ratio by intraclass correlation coefficient (28).

Individual evaluation
Patients’ interviews at the end of the follow-up permitted 
to evaluate the level of sport practice compared to those 
before muscular rupture with Tegner score (29). Delay to 
return back to sport was determined from the date of the 
traumatism. Physical activity level and pain persistence 
were measured with the University of California at Los 
Angeles Activity Scale (UCLA) from 1 to 10 (30). Function 
was measured with the Lower Extremity Functional Scale 
(LEFS) from 0 to 80 with a minimal detectable change of 9 
points (31). Individual satisfaction was evaluated by choos-
ing a term between very satisfied, satisfied, moderately satis-
fied and unsatisfied (32).
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Statistical analysis
Statistical analyses were performed with SPPS 23.0 software 
(IBM corp. Dublin, Ireland). Quantitative variables were 
given in mean, median and standard-deviation. Compari-
son of the Tegner score before and after hamstring rupture 
was made with a Wilcoxon non-parametric test. Compari-
son according to incomplete (1 or 2 muscular insertions) 
or complete rupture (3 insertions) was performed with a U 
test of Mann-Whitney. Results were considered significant 
for p < 0.05.

Ethics
Applicable institutional and governmental regulations 
concerning ethics were followed during this research. The 
data report form was declared to the French data protection 
authority (Commission Nationale de l’Informatique et des 
Libertés) and to the Research Department of the University 
Hospital under the registration number RC18_0024. Since 
data were collected retrospectively and that patients’ manage-
ment was not modified, according to French law, this study 
did not need to be approved by a research ethics committee 
(articles L.1121-1 paragraph 1 and R1121-2, Public Health 
code). This study followed the basic principles and recom-
mendations in clinical and field science research (33).

RESULTS
Sixteen patients were included, 10 men and 6 women. The 
mean follow-up was 73 months +/- 39 (24-144). Patient 
mean age at the time of the rupture was 34 years +/- 12 
(18-49). All the subjects were interviewed. Six patients had 
a complete proximal rupture of the 3 tendons. Out of the 10 
other patients, 5 had a rupture of two muscle insertions, 5 
had a unique proximal rupture (Table I). Tendon retraction 
was superior to 2 centimeters in 14 cases (4.0 cm +/- 1.6 
(1.0 – 7.0)). All these injuries were type IV of the ISMuLT 
classification (25). Clinical diagnosis of proximal hamstring 
rupture was made 4.0 months +/- 1.7 (2.0 – 6.0) after trau-
matism. Fourteen patients reported an ecchymosis. Surgery 
had never been proposed. 
Ten patients out of 16 were very satisfied and 5 out of 16 
were satisfied with the evolution of their injury at the time 
of the clinical interview (Table I). The mean time to go back 
to sport was 7.0 months +/- 2.9 (4.0 – 12.0). All the patients 
were able to practice sport but 4 of them could not run 
again. Yet, these 4 patients were satisfied with regular prac-
tice of cycling. Conversely, 6 patients went back to sport 
and to their previous levels, and 4 changed sports but for 
an equivalent one (Table II). Before hamstring injury, the 
Tegner score was 6.9 +/- 1.7 (5 – 10) and after, at the time of 
follow-up, the score significantly decreased at 6.1 +/- 1.9 (4 

Table I. Details of the history of the 16 patients

N° Sex Age 
(years) 

Type of rupture Muscle 
defect (cm)

Side Sport RTS time 
(month)

Satisfaction

1 F 45 1/2T+1/2M 4 R Water skiing 12 Very satisfied

2 F 49 1/2T 6 R Sport teacher 4 Satisfied

3 M 22 1/2T 1 R Soccer 4 Very satisfied

4 M 18 1/2T+B 3 R Soccer 10 Very satisfied

5 M 49 1/2M+B+1/2T 4 L Marathon 6 Very satisfied

6 F 20 1/2T+B 4 L Soccer 10 Very satisfied

7 F 20 1/2M+B+1/2T 5 R Handball 6 Satisfied

8 F 24 1/2M+B+1/2T 7 L Basketball 4 Satisfied

9 M 32 1/2M+B+1/2T 4 R Soccer 7 Satisfied

10 F 38 1/2T 5 L Water skiing 10 Satisfied

11 M 49 1/2M 4 R Marathon 12 Moderately

12 M 48 1/2T+B 5 R Marathon 6 Very satisfied

13 M 35 1/2M+B+1/2T 5 L Boxing 10 Very satisfied

14 M 20 1/2M+B+1/2T 3 R Soccer 10 Very satisfied

15 M 32 1/2T+B 1 L Soccer PRO 6 Very satisfied

16 M 45 1/2M 3 L Water skiing 12 Very satisfied
Abbreviations: M: Male; F: Female; 1/2M: semi-membranosus; B:Biceps femoris (long head); 1/2T: semitendinosus: RTS: return to sport; R: right side; L: 
left side.
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– 10) (p = 0.03). No difference was found between patients 
with a complete rupture of the 3 tendons and those with a 
rupture of 1 or 2 tendons, concerning time to return to sport 
and the level of practice.
Fourteen patients had a LEFS superior to 71 and the mean 
score was 76.6 +/- 3.9. The UCLA mean score was 37.5 +/- 
2.2 points, with 8.7 +/- 1.4 (median: 9.0 (7.0-10.0)) for the 
level of activity and 8.7 +/- 1.3 (median: 8 (6.0-10.0)) for the 
residual pain. Seven patients reported no pain and 7 others, 
only a little one. No difference was found about the differ-
ent subjective scores according to the complete rupture of 
the 3 tendons or the rupture of only 1 or 2 tendons.
Twenty-nine isokinetic muscle strength evaluations had 
been made in the 16 subjects. Seven patients were evaluat-
ed once, 5 patients twice and 4 patients 3 times. The large 
number of isokinetic evaluations enabled us to assess the 
evolution of the hamstring strength deficits at 4, 12, 24, 36 

and 100 months from the injury (Figure 1). Five patients 
were evaluated at 4.2 +/- 1.2 months, 6 at 12.8 +/- 2.0 
months, 5 at 24.5 +/- 2.1 months, 6 at 35.0 +/- 8.1 months 
and 7 at 101.0 +/- 30.5 months. Four months after inju-
ry, the strength deficit of the injured hamstrings was high, 
from 40 +/- 25.0 (23 – 69%) to 45% +/- 17.0 (20 – 55%), 
both in concentric and eccentric contractions at the angu-
lar speed of 60°/sec. Then, the concentric strength deficit 
decreased until 24 months after injury, to less than 30%. 
Some patients were nearly symmetrical with a deficit less 
than 5%. From 3 to 8 years after injury, some other patients 
had persistent strength deficit, of about 25% +/- 16.0 (4 
– 46%). The eccentric strength deficit evolved differently.
No improvement was noticed with a mean strength defi-
cit of 40% +/- 17.0 (14 – 57%), 24 months after injuries. 
However, values were variable from one patient to another, 
with a minimal deficit measured at 14% and a maximal one 

Table II. Pre-injury (left column) and post-injury (right column) sport and level of Discussion

N° 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Water skiing 

Sport professor 

Soccer 

Soccer 

Marathon 

Soccer		

Handball 

Basket 

Soccer		

Water skiing		

Marathon 

Marathon 

Boxing 

Soccer 

Soccer (Pro) 

Water skiing 6

10

8

5

5

5

6

7

7

10

8

5

8

9

6

6

6

10

8

5

6

4

4

5

4

7

8

5

8

9

4

6 Alpen skiing 

Cycling 

Soccer 

Soccer		

Triathlon		

Soccer		

Boxing		

Cycling 

Alpen skiing 

Cycling 

Cycling		

Tennis 

Alpen skiing 

Soccer 

Soccer (Pro) 

Water skiing 
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at 57%. No difference was found between patients with a 
complete rupture of the 3 tendons and those with a rupture 
of only 1 or 2 tendons.
The results of non-surgical management of proximal 
hamstring ruptures are usually considered not as good as 
those after surgery (11,14,20). However, after elimination 
of bone tears, only few cases of non-operated patients have 
been described, which is responsible for a lack of evidence 
to conclude formally in favor of the surgical management 
(11). We reported 16 new cases of proximal hamstring 
ruptures including 6 cases of complete rupture of the 3 
tendons, which is the largest sport series described to our 
knowledge. All the patients reported violent pain during 
traumatism followed by walking disability and difficulty 
to sit. The treatment consisted in icing, walking with sticks 
and limitation of the hip flexion according to pain. Return 
to sport depended on patients’ perception. Yet, our results 
are difficult to compare with precedent studies because of 
the lack of information previously reported by other authors 
(17,20–22,34). Indeed, we have been able to compare the 
type of sports practiced but not the level of practice. Out 
of the 13 sportive patients clearly described in different 
articles, 10 used to practice water-skiing, 1 judo, 1 tennis 
and 1 soccer (17,21,22,34). Half of them could not return 
to their previous sport, water-skiing in 5 cases and tennis in 
1 case (17,34). A complete proximal hamstring rupture of 
the 3 tendons had been described in all these last 6 cases. 
Among the 7 other cases with a rupture of 1 or 2 tendons 

reported in literature (17,21,22,34), all of them were satis-
fied, 3 went back to sport to the same level of practice and 
4 to a lower level. In our series, concerning water-skiing, 
only one patient (n°1) out of 3 (n°1, n°10 and n°16) could 
return to this sport. Yet, these 3 patients had an incomplete 
rupture, which is usually considered a better prognosis (17). 
None of our patients practiced tennis before injury. So, we 
could not compare our results with those of Gidwani et al., 
who reported the case of a 20-year patient with a complete 
proximal rupture (34). This patient practiced tennis at a 
semi-professional level and refused surgery 2 years after the 
traumatism. The authors considered subjectively the results 
as “poor” but did not provide information how this criteri-
on was defined. The impossibility to return to the same level 
of sport may have been used as a criterion, but going back 
to tennis to that level is anyway difficult 2 years after a trau-
ma. Conversely, one of our patients (n°12), who had semi-
membranosus and biceps femoris ruptures, started practic-
ing tennis after the injury, except for competition. Yet, he 
was moderately satisfied because he could not run a mara-
thon anymore. 
Kurosawa et al. reported that judo in competition was possi-
ble after proximal rupture of the hamstrings (21). Though, 
the isokinetic strength of the hamstrings decreased from 20 
to 40% and occasional cramps were described during jump-
ing and running. Results were better in case of surgery with 
a decrease of the isokinetic strength of only 20%, 7 months 
after the surgery and absent at 12 months.

Abbreviations: H: hamstring; e: eccentric mode; 60: angular speed at 60°/s

Figure 1. Isokinetic 
concentric and eccentric 
deficit (%) from the 4th to 
100th month follow-up after 
proximal hamstring rupture 
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In our series, 5 cases out of 6 were able to practice soccer 
again to the same level (n°3, 4, 6, 14 and 15), 2 patients had a 
complete rupture of the hamstrings but one of them was not 
able to play soccer again (n°9). Clark et al. (22) described 
a 26-year patient with a rupture of the biceps femoris and 
the semimembranosus, while practicing soccer. His muscles 
were retracted from 2 and 8 cm, respectively. Because of an 
absence of initial diagnosis, the patient went back to compe-
tition 2 months after injury without specific management. 
Twelve months after injury, the authors found a decrease of 
isokinetic strength of 12% on concentric mode and 16% on 
eccentric mode, at an angular speed of 90°/s. The 2 patients 
(n°7 and 8), who used to practice other pivoting contact 
sports such as basketball and handball, were not able to 
return to their previous sports. They had complete muscu-
lar rupture of the 3 tendons. Yet, some other patients, even 
with complete rupture, were able to practice alpine skiing 
and boxing (n° 1, 7 and 13) again.
Cycling was the sport of choice for the most uncomfortable 
patients. Four patients (25%) were capable to return only 
to this activity, one had a complete rupture. None of them 
complained about pain. Their subjective scores, UCLA and 
LEFS, were still not normalized, respectively from 35 to 37 
and from 68 to 79. The absence of difference for all the stud-
ied parameters between incomplete and complete ruptures 
may have been due to the lack of power secondary to the 
low number of patients. However, Hofmann et al. reported 
the ability to return to previous sport activities in 70% of 
the patients with complete hamstring rupture, but without 
any detail on the type of sports (19). Recently, Piposar et al. 
compared patients with complete (3 tendons) and incom-
plete ruptures (1 or 2 tendons) with muscle retractions infe-
rior to 2 cm (14). Fifteen non-operated cases and 10 operat-
ed ones were compared on an average period of 35 months 
after injury. Most of the non-operated patients used to prac-
tice water skiing (n = 3) and running (n = 3) before injury. 
For 3 others, the sports practiced are unknown. The authors 
reported no information about the level of sport practice 
and the return to a sport activity. So, these results could not 
be compared with our series, in which only 2 patients had 
a muscle retraction inferior to 2 cm. The LEFS was 64.3, 
comparable to those of Shambaugh et al. (68.5) (20) and 
Hofmann et al. (70.2) (19), which is frankly inferior to our 
results (76.6). Piposar et al. also described impairment for 
walking, stairs climbing and standing, which was not the 
case for our patients. Indeed, we reported only 3 patients 
out of 16 who complained about pain when sitting for more 
than one hour. One explanation of these results may be the 
difference of age between the patients, 34 +/- 12 years-old 
in our study and more than 55 years-old in those of Piposar 
et al. (14), Shambaugh et al. (20) and Hofmann et al.(19).

Our study is original because we assessed isokinetic strength 
deficit both on concentric and eccentric mode. We found a 
mean deficit of 25% on concentric mode 24 months after 
the injury, which is consistent with previous results report-
ing deficits from 12 to 40%, even if angular speeds were not 
always mentioned or not the same as ours (30 to 300°/sec) 
(17,21,22). Two studies described an average strength defi-
cit of 40% with an isometric method at 45 and 90° of knee 
flexion, which was not comparable with isokinetic assess-
ments. (19,20) Yet, Piposar et al. reported a deficit of only 
5%, which may be explained by the fact that they included 
only patients with a retraction inferior to 2cm (14). Isoki-
netic eccentric deficit remained important (40%) and did 
not improve with time. No comparison was possible with 
other studies because only one case had been previously 
evaluated with this mode (22). However, eccentric evalua-
tion seems to be particularly interesting because injuries are 
usually secondary to an eccentric mechanism or a maximal 
stretching. Especially since these measures are objective and 
validated to value strength recovery of the hamstrings after 
injury in a sportive population (17,26). We reported a more 
important deficit on eccentric mode than in concentric one 
(40 vs. 25%), which is usual in case of muscular lesions (35). 
Yet, the persistence of a dissociation between eccentric and 
concentric modes is arguable, it may be due to a neuro-
muscular inhibition because of the lack of healing, or/and 
because of patients’ apprehension during isokinetic tests 
(36). A specific program of rehabilitation with eccentric 
exercises could have improved the results (37). In our study, 
in only 3 cases, hamstring strengthening was proposed at 
the time of isokinetic strength evaluation. Finally, objective 
isokinetic results were poor, which contrasted with subjec-
tive functional ones, which were generally good.
This study has several limits, as it was a retrospective and 
descriptive one with few patients. However, it remains the 
most important one in terms of sportive patients. The popu-
lation was also heterogeneous concerning the types of sports 
concerned. The rehabilitation programs were not standard-
ized, and the isokinetic assessments were realized at differ-
ent times after the injury. MRI diagnosis may have provided 
different results about the type of lesion and muscle retrac-
tion compared to those made directly by the surgeon in case 
of surgical management (9,38). Due to the type of patients’ 
recruitment, there was no therapeutic bias concerning the 
choice made between surgery or non-surgical management.

CONCLUSIONS
Proximal ruptures of the hamstrings are rare and their 
evolution, in case of non-surgical management, is usually 
considered painful and disabling, especially in case of sport 
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practice. Actually this evolution remains not very well-
known because of the few cases reported. The practice of 
water-skiing seems to be compromised whereas patients 
can usually go back to soccer playing. In case of complete 
rupture of the 3 tendons, pivoting contact sports such as 
handball and basketball remain impossible to play. Howev-
er, patients’ satisfaction is excellent and subjective results 
are favorable. Isokinetic concentric deficits at 60°/sec 
improve until 24 months with a persistent deficit of about 
25% but a major eccentric deficit of about 40% persists. 

Studies with larger populations comparing surgical versus 
non-surgical management should be performed to better 
determine the place of these different treatments, consid-
ering the complete or incomplete nature of the muscular 
rupture and the desire to return to a sport such as water-ski-
ing, soccer, basketball or handball.
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