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Hamstring muscle injuries are prevalent in
many sports that require high-speed run-

ning, acceleration, deceleration and quick
changes in direction1,3,7. Recently, authors have
reported the occurrence of hamstring injuries in
Australian Rules football (16%), soccer (12%),
rugby (6%-15%), and basketball (6%) 3.

It’s not just the initial hamstring injury that
causes concern. It’s the risk of re-injury. The
recurrence rate for hamstring strains can be as
high as 30% in Aussie Rules, 12% in profes-
sional soccer 7.
Hamstring muscle injuries can be disabling

for any athlete, but potentially devastating for
the professional football player who relies on
his ability to perform in order to earn a living.

How Does it Happen?
Documented mechanisms of hamstring

injury include sprinting, jumping, waterskiing
and dancing 5,8,11. In sports such as football, run-
ning or sprinting accounts for most of the ham-
string injuries 8,15. Studies suggest that ham-
string strains often occur during the terminal
part of the swing phase as the hamstrings are
contracting eccentrically to slow the forward
swing of the leg to prevent hyperextension of
the knee and flexion of the hips 2.

Risky Behaviors
Many people have theorized about the exact

etiology of hamstring strains. Potential risk fac-
tors previously reported for hamstring injuries
include muscle weakness, lack of flexibility,
increased muscle stiffness, poor lumbo-pelvic
posture, inadequate warm-up, and muscle
fatigue14. Strength imbalance between the ham-
strings and quadriceps muscles and previous
hamstring and other lower limb muscle injuries
have also been suggested as possible risk factors 3.
Recently, intrinsic factors such as age,

height, body mass or body mass index have
not been found to be significant factors in the
incidence of hamstring muscle injuries 3. The
literature does support the fact that previous
history of hamstring injury is a reliable risk
factor for recurrence 2,7,14.

Imaging
Magnetic resonance imaging is often the

preferred modality to assess muscle injuries in
the professional football player. MRI provides
the physician with the ability to quantify the
extent of the hamstring injury by measuring
the size of the hyperintense signal within the
muscle(s) in question.
Studies have been conducted to determine

the classification and location of muscle injuries
by their appearance on MRI. Speer et al13 eval-
uated 50 athletes and determined that muscle
injuries predictably occurred at the myotendi-
nous junction. De Smet et al4 evaluated 15 col-
legiate athletes who sustained hamstring
injuries and determined the biceps femoris
muscle was the most commonly injured, fol-
lowed by the semitendinosis. Askling et al1 cor-
related the location of the highest point of
hamstring pain during palpation and time to
recover to pre-injury level for sprinters with

first-time strains. Magnetic resonance imaging
was used to determine location and size of the
injury. Palpation (proximity to the ischial
tuberosity) and MRI results (involvement of
the proximal free tendon) together were found
to be associated with longer time to return to
pre-injury level.

The purpose of this study was to determine
the time to return to play for NFL football
players based on the severity of hamstring
injury as determined by MRI as well as the
reported occurrences and recurrences.

Setting the Stage
All NFL teams received study packets to

enroll eligible players who sustained ham-
string injuries prospectively during the season.
Upon player completion of treatment and
return to full football activity, all physician
documentation, treatment and rehabilitation
notes, and MRI copies were sent to our clinic.
The clinical notes were reviewed to determine
demographic information, the position of the
player, injury occurrence (practice or game),
mechanism of injury, hamstring injury loca-
tion and muscle involvement, length of recov-
ery, and injury recurrence.

Over the course of the 2001-02 season, this
study grew to include 21 professional players
from six NFL teams. All had suffered ham-
string injuries, although not chronic. About
71% of the men were starting players.

Imaging
All MRIs were reviewed by an experienced

musculoskeletal radiologist who interpreted
the pathologic characteristics of the hamstring
injuries according to a grading system that was
developed by natural breaks among the tear
sizes. The protocol included recording the
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The associated MRIs had been read by team
radiologists. Our radiologist was blinded to the
MRI interpretations made by those physicians
and to the outcomes of the injured players.

Results
As you can see in Tables 1 and 2, 32 ham-

string injuries in 21 players were reported dur-
ing the study period.

Players who suffered a grade I injury took an
average of 16 days to recover; grade II injuries
recovered in an average of 21.5 days; and play-
ers with a grade III injury recovered in an aver-
age of 28.5 days.

There was a significant difference in total
recovery days between those who had been rein-
jured versus those who hurt their hamstrings for
the first time: an average of 56 days compared to
16.5 days before getting back on the field.

In fact, the study showed that hamstring
injuries recurred at a rate of 31%, usually with-
in one week of coming back from initial injury.
Further, we found that when players returned
from the first recurrence, they averaged 11 days
before suffering a third hamstring injury (which

length of injury as observed on the coronal
and sagittal views in centimeters.

Grade I injuries were defined as edema
within the muscle belly that measured <8cm
(Figure 1).

Grade II injuries had edema of > 8cm with
a vertical split in the muscle with hemorrhage
and fluid in the fascial planes (Figure 2).

Tendon separation at the musculotendi-
nous junction defined the grade III injuries
(Figure 3).
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Figure 2
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Figure 1: MR image of professional football
player with a grade I hamstring injury.

Figure 2: MR image of professional football
player with a grade II hamstring injury.

Figure 3: MR image of professional football
player with a grade III injury, showing tendon

separation at the M-T junction.
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took an additional 33 days to rehabilitate).
Interestingly, all subjects who experienced a sec-
ond recurrence sustained a grade II muscle
injury.

Discussion
To our knowledge, this is the first look at

hamstring muscle injuries in athletes of the
NFL with subsequent breakdown into player
position, seasonal time of injury, mechanism of
injury, involved hamstring location and mus-
cle(s), grade by MRI, playing time missed, and
recurrence.

Hamstring muscle injuries are common in
sports that require sprinting and acceleration,
and the NFL certainly places those demands on
its athletes. The myotendinous junction of the
hamstrings is the most common site of injury,
and this is related to the eccentrically loaded
contractions of the muscle group.

When a football player sustains a hamstring
injury it is important to assess the extent of
the injury and to attempt to predict a time of
return to play so that the player, coach and
other interested parties may be informed. In



the past, clinical data such as the history and
physical examination, as well as the player’s
perception of the severity of the injury, pro-
vided the basis for return to play decisions.

In recent years, imaging studies such as
MRI have emerged as an additional diagnostic
tool to not only assess the extent of these
injuries, but also to help determine a time
frame in which the athlete can return to the
field with an acceptable risk of recurrence.

A pilot study of nine NFL players was per-
formed previously to assess the accuracy of pre-
dicting return to play on the basis of MRI
alone. Players with Grade I and II injuries
returned to play within two weeks, whereas
players with Grade III injuries required an aver-
age of five weeks to return.

Our study demonstrated that the average
rehabilitation and recovery time is variable and
cannot be determined on the basis of MRI
alone. Schneider-Kolsky et al12 compared clini-
cal assessment to MRI as a predictor of the
duration of rehabilitation required after acute
hamstring injury. It was concluded that, com-
pared with clinical assessment, a positive MRI
result was useful as a predictor for duration of
rehabilitation only in cases of moderate or
severe injuries.

In our study, we were able to determine the
average time for return to play for both acute
and recurrent hamstring injuries, also taking
into account the severity of the injury accord-
ing to our MRI grading scale. Although the
ranges of time for return to play were broad,
there was a trend between severity of injury
and actual time to return to competition.

One of the most striking results centers on
re-injury, particularly the average time to
return to play following a second recurrence.
The average time to return to the playing field
following a first recurrence was a modest 13
days. However, the average time to return fol-
lowing a second recurrence was 33 days,
which is a significant amount of time for pro-

fessional football players. Loss of playing time
could result in the loss of a starting position
and possibly a roster position.

Word of Caution
There are limitations to this study. Our

prospective study undertaken during the NFL
season may have resulted in the limited number
of research subjects. At the time of this study,
the only previous study involving professional
NFL athletes and hamstring injuries had been
done retrospectively utilizing information from
an injury database. The authors felt prospec-
tively collected data may portray these injuries,
their treatment and recovery more accurately.
We also allowed the team physicians to treat
their athletes according to their own protocols
and did not specify criteria for ordering or
interpreting MRIs, or specific rehabilitative
protocols. The authors felt this was necessary so
that too many restrictions were not imposed on
the medical team during an already hectic time.
Certainly, future randomized studies are need-
ed that include specific criteria for MRI evalua-
tion and treatment protocols.

Conclusion
In conclusion, we feel this study provides

valuable information pertaining to the recov-
ery of professional football players with grad-
ed hamstring injuries as well as injury occur-
rences and recurrences.

We were able to see a trend among the catego-
rization of tears classified by MRI and the num-
ber of days, based on severity, for return to play.

With this information in mind and the
recurrent injury rates presented, the medical
team may have a basis from which to assist in
making their return to play decisions. In addi-
tion, repeat MRIs may be beneficial to assess
healing to possibly avoid recurrent injury.

Talk to these authors via Patti Hunker at phun-
ker@methodistsports.com.
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