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Abstract

Purpose of Review To assess the current literature surrounding the treatment and rehabilitation strategies surrounding proxi-
mal hamstring rupture injuries, along with comparative return to sport and patient-reported outcomes.

Recent Findings A high degree of variability exists in protective and rehabilitation strategies after both operative and non-
operative proximal hamstring rupture management. Acceptable outcomes after both operative and non-operative management
have been observed but may vary greatly with injury chronicity, severity, and surgical technique.

Summary The high complication rates observed after surgical treatment, along with poor functional outcomes that may
occur in the setting of non-operative treatment or delayed surgery, highlight the importance of early injury evaluation and
careful patient selection. Further high-quality research elucidating clearer indications for early operative management and
an optimized and standardized rehabilitation protocols may improve outcomes and return to sport experience and metrics
for individuals sustaining proximal hamstring ruptures.

Keywords Proximal hamstring rupture - Proximal hamstring avulsion - Hamstring - Return to sport - Rehabilitation - Outcomes

Introduction professional football players over 10 years found the injury

rate to be 0.78 per 1000 athlete exposure hours [7]. HSI

Hamstring injuries (HSI) are one of the most common sport
injuries, making up 12% to 16% of all sports injuries with
a reinjury rate of 22 to 34% [1-6]. One study following
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can occur anywhere along the hamstring complex and range
from a mild strain to a full rupture. Proximal hamstring rup-
ture and avulsions at the ischial tuberosity or conjoint tendon
make up 10% of all HSI [8]. Proximal hamstring avulsions
result from eccentric contractions during simultaneous hip
flexion and knee extension, and classically occur in common
sporting activities such as sprinting, hurdling, waterskiing,
and jumping [9e, 10, 11e, 12, 13]. When comparing gender,
age, and activity, proximal HST has been reported more com-
monly in males between 30 and 60 years of age, while par-
ticipating in high-intensity sports [14]. Females who sustain
HST are usually between the ages of 45 and 60, with injuries
taking place while performing activities of daily living [14].

The majority of HSI are intramuscular or located at the
musculotendinous junction and are treated non-operatively
[15, 16]. While proximal hamstring ruptures occur less fre-
quently, they can result in significant disability if missed or
misdiagnosed [15, 17].

Diagnosis of proximal HSI depends on physical examina-
tion and imaging. Physical exam findings upon inspection and
palpation of the injured lower extremity include ecchymosis
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Fig. 1 Ecchymosis extending down the posterior thigh in a patient
with a retracted 3-tendon proximal hamstring avulsion injury as seen
at the time of surgery

of the posterior thigh (most common in avulsions; Fig. 1), a
prominence in the middle 1/3 of the posterior thigh, and ten-
derness with or without palpable defect along ischial tuber-
osity [9e, 18, 19]. Gait observation may identify an altered,
“stiff-legged” gait due to the avoidance of simultaneous hip
extension and knee flexion [18, 19]. Neuromuscular testing
may be characterized by an increased popliteal angle, weak-
ened hamstring strength with compensation by the gastrocne-
mius during knee flexion, and pain at the back of the thigh or
even down the leg due to irritation of the sciatic nerve and its
main branches of the peroneal and tibial nerves [9e, 18]. Addi-
tionally, neuropraxia of the peroneal nerve, which innervates
the short head of the biceps femoris, can manifest in foot drop
or, less commonly, weakness in foot eversion [20]. Patients
with an acute injury may describe a “pop” and acute shoot-
ing pain in the posterior thigh and subsequently experience
problems with walking on a decline or standing. Sitting pain
is also a common complaint. There are multiple provocative
tests including the Puranen-Orava test, bent knee stretch test,
modified bent knee stretch test, active range of motion test,
and taking-off-the-shoe-test which has been reported to have
sensitivity and specificity of 100% (Fig. 2) [21]. An AP radio-
graph of the pelvis should be obtained to identify bony proxi-
mal avulsions such as may occur in younger patients, and to
rule out other bone pathology [22]. Confirmatory imaging by
ultrasound and MRI show similar sensitivity in acute HSI, but
MRI has higher sensitivity for follow-up imaging (Fig. 3) [23].

Anatomy
The hamstring muscles are located in the posterior compart-
ment of the thigh and consist of the semitendinosus, semimem-

branosus, and biceps femoris muscles. Each of these muscles
originate at the ischial tuberosity and extend distally across the
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tibiofemoral joint. The semimembranosus originates from the
superolateral portion of the ischial tuberosity, while the sem-
itendinosus and biceps femoris long head originate from the
superomedial portion (Fig. 4). The semitendinosus and the
biceps femoris diverge approximately 10 cm distal to the ori-
gin [24]. As the semimembranosus extends distally it runs deep
to the other hamstring muscles and becomes the most medial
muscle as it inserts at the medial tibial condyle. The semiten-
dinosus forms the pes anserinus along with the distal gracilis
and sartorius tendons, inserting on the proximal anterolateral
tibia. As the long head of the biceps femoris proceeds distally it
is joined by the short head, which originates at the linea aspera
along the mid-femur, forming a common muscle belly and ten-
don which inserts primarily at the fibular head. More complex
insertional patterns have been described, involving the lateral
tibia, lateral collateral ligament, joint capsule, popliteus tendon,
and iliotibial tract [25-27], with one MRI-based study of 403
scans reporting an approximately 1% prevalence of complete
tibial insertion of the biceps femoris [28]. Since they span the
hip and knee, the hamstrings play an important role in the func-
tion of the lower extremity and pelvis. The hamstrings’ main
function is extension at the hip and flexion at the knee, with sec-
ondary contributions to pelvic tilt and sacral rotation [29-31].
The lumbosacral plexus gives rise to the sciatic nerve,
which consists of the L4-S3 nerve roots and exits the pel-
vis through the greater sciatic notch, traveling 1.2+0.2 cm
lateral to the ischial tuberosity to continue under the biceps
femoris muscle belly and eventually bifurcating into the tibial
and common peroneal nerves [24]. The short head of biceps
femoris is innervated by the common peroneal nerve, while
the long head of biceps femoris, semimembranosus, and sem-
itendinosus are innervated by the tibial nerve. This anatomic
relationship may lead to associated nerve symptoms in some
cases, and is important to recognize during surgery (Fig. 5).

Injury Mechanism

The hamstring muscles are prone to injury because they are
biarticular, crossing the hip and knee joints, allowing them
to simultaneously extend the hip and flex at the knee. Rapid
acceleration injuries tend to be musculotendinous or intra-
muscular and take place during the late swing phase just
before heel strike in the running gait cycle. The late swing
phase, during which the hamstrings are in eccentric contrac-
tion with the hip flexed and knee extended, is described as
the common timing of this injury (Fig. 6) [32-34]. Proximal
hamstring avulsions also occur during eccentric contraction,
while the hip is in flexion and the knee is in extension, but in
the setting of forced flexion [35—41]. These injuries, while
rare overall, have been classically described in relation to
high-energy forced-flexion mechanisms such as the abrupt
water-skiing start in an unsafe hurdlers-type position, and in
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Fig.2 Common tests utilized

in assessment of hamstring
injury. A Puranen-orava. B, C
Bent-knee stretch test. D Taking
off the shoe. The Puranen-Orava
test is performed on a low table
or platform with knee fully
extended and heel on platform.
The patient hinges at the hips

to stretch the hamstring. If pain
is felt at the ischial tuberosity
hamstring origination, this is a
positive test. Bent-knee stretch
test is performed by having the
patient lay supine on the exami-
nation table. The examiner flexes
both the knee and hip maximally
on the patient’s affected side in
line with the torso. The examiner
then extends the knee. If pain

is felt at the ischial tuberosity
hamstring origination during
knee extension, this is a positive
test. Taking-off-the-shoe test is
performed by having the patient
stand up and capture the heel

of the shoe on the affected side
with the foot of their non-inured
side. They are then asked to try
and pull the foot of the affected
leg out of the shoe while keeping
the non-injured leg extended and
still and hips level to the floor.
This test is positive if they have
difficulty completing the maneu-
ver and/or pain in the ischial
tuberosity during the attempt

C

bull-riding when the hamstrings are eccentrically contracted
under tension when caught in the steer’s rope [42]. They have
also been shown to occur with high relative frequency in
slip-and-fall accidents [43]. Additionally, one case series also
described a forced flexion-abduction mechanism of proximal
hamstring rupture in 2 football players and an Olympic judo
competitor, who all had a similar mechanism of forced hip
flexion from a fall and/or force of an opponent’s body with
the knee extended and heel on the ground [44].

Risk factors for hamstring injury are important to
understand as they can aid in rehabilitation and preven-
tive strategies for athletes. Non-modifiable risk factors
include age, muscle composition, and previous injuries
[45]. Modifiable risk factors include shortened optimal
muscle length, lack of muscle flexibility, strength imbal-
ance, insufficient warm-up, fatigue, low back injury, and
increased muscle neural tension [45]. The way the ham-
string heals and the quality of the new-formed scar tissue
is the most important determinant of future function and
risk of injury [46].

Non-operative Management

Non-operative treatment of proximal injuries is indicated for
single-tendon hamstring injuries and 2-tendon tears with less
than 2 cm of retraction [18, 47, 48]. Additional factors such
as activity level, age, comorbidities, and ability to comply
with postoperative rehabilitation may also be considered [19,
46]. However, outcomes of non-operative treatment are not
as widely reported as outcomes of operative treatment, so
the available evidence and algorithms may suffer from avail-
ability bias [49].

Some patients appropriately indicated for initial non-
operative management may eventually elect to pursue sur-
gical treatment. Piposar et al. found that 40% of patients in
a retrospective review of 25 patients with partial thickness
hamstring avulsions managed non-operatively ultimately
opted for surgical treatment [50]. Appropriate patient
selection for earlier operative intervention should be opti-
mized given that scar formation and tendon retraction can
increase the technical demands of delayed surgery [47,
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Fig. 3 Fluid-sensitive coronal magnetic resonance imaging (MRI) of
the pelvis demonstrating a right retracted 3-tendon proximal ham-
string avulsion (red arrows)

48]. Additionally, patients treated non-operatively may
be left with significant strength and functional deficits as
well as an increased risk for sciatic nerve pathology due to
tethering by the retracted tendons [17, 49, 51]. Incomplete
tendon recovery may be expected in approximately half
of patients treated non-operatively, based on the prospec-
tive study by van der Made et al. assessing outcomes of
a shared decision-making model in 26 operative and 33
non-operative patients [49]. In their cohort, 100% of the
operative group and 82% of the non-operative group had
involvement of both the semimembranosus and conjoint
tendon. At 1-year follow-up, the rate of proximal ham-
string tendon discontinuity in the operative group was 5%
(n=1; MRI obtained after known reinjury), versus 48% of
the non-operative group. The risks and expectations sur-
rounding non-operative treatment of proximal hamstring
avulsion injuries should be discussed as early as possible

Fig.4 Relationships between
proximal hamstring insertions
and sciatic nerve (right leg).
Yellow—ischial tuberosity.
Purple—semimembranosus.
Green—semitendinosis; blue—
biceps femoris long head.
White—conjoint tendon. Dotted
lines—sciatic nerve. Reprinted
with permission from Bertiche
et al. 2020
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in the decision making process to allow the patient to
make an informed decision. In the case of ischial tuberos-
ity avulsion fractures in skeletally immature individuals,
most are treated non-operatively, with the exception of
fractures displaced more than 1.5-2 cm, where operative
treatment is recommended given the risk of sciatic nerve
irritation, non-union, or poor outcomes if left surgically
untreated [52, 53].

Non-operative management consists of immediate initia-
tion of phased rehabilitation that mirrors the postoperative
rehabilitation protocol after the repair protection stage in the
setting of operative management, described subsequently. In
addition to physiotherapy and activity modification, addi-
tional non-surgical treatment strategies include the use of
NSAIDs, shockwave therapy, and injection of corticosteroids
or PRP serving as potentially useful adjuncts [18, 47].

Trends and Variations in Postoperative
Rehabilitation

Immediate Postoperative Period

While specific rehabilitation strategies vary after proxi-
mal hamstring tendon repair, most protocols for care in
the immediate postoperative period focus on protecting the
repair by keeping the hamstrings in a shortened and relaxed
position [20, 43]. This protective phase generally includes
restricted weight bearing and hip or knee orthoses to limit
knee range of motion, hip flexion, or both, depending on
intraoperative and ongoing assessment of the repair and
hamstring tension and range of motion [18, 43, 48, 54]. Van
der Made et al. report use of cast immobilization for 2 weeks
prior to bracing with a hinged knee brace [49]. Casts were
applied in the operating room, with the degree of knee flex-
ion based on intraoperative assessment of ideal tendon repair
tension. Weight-bearing is progressed from 2 to 4 weeks
with continuation of support with crutches until 6-8 weeks,
when the orthosis is removed and specific strengthening
exercises are begun. Passive hip range of motion with a
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Fig.5 Successive coronal magnetic resonance imaging (MRI) cuts demonstrating the close relationship of the sciatic nerve (red arrows) travers-

ing just lateral to the retracted hamstring tendons (outlined in white)

physiotherapist is initiated at 2 weeks, with active hamstring
exercises beginning between 4 and 6 weeks [43, 48].

Some authors have reported on less restrictive immedi-
ate postoperative protocols. Askling et al. described use of
a brace only in circumstances in which the patient would be
unable to keep the hamstrings in neutral position, described
as knee extended and hip at 0° extension [20]. Leger-St-Jean
et al. prescribed a protocol without the use of a brace and
with the allowance of full weight bearing and walking with
crutches as needed in their minimum 2-year outcomes study
of 38 proximal hamstring repairs [54]. This protocol resulted
in comparable functional outcomes and similar reinjury rates
as more traditionally restrictive protocols consisting of brac-
ing and weight-bearing restrictions, especially in the acute
repair cohort [43, 55].

Rehabilitation Progression and Return to Sport

After the protective phase, physical therapy generally lasts
from 4 to 6 months. The phases focus on achieving nor-
malized and pain-free movement starting with gait and
progressing to unrestricted participation in previous sport
activities, using specific precautionary measures along with
targeted hamstring exercises as well as hip and core strength-
ening and general cardiovascular conditioning. Criteria for
progression may consist of parameters such as pain- and
swelling-free movement at the level just below that of the
next phase. However, there is no standardized postoperative
protocol for rehabilitation after repair of proximal hamstring
avulsion. In their observational study of online rehabilitation
protocols after proximal hamstring tendon repair, Lightsey
et al. found a high level of variability in the components
and timing of these protocols including strengthening exer-
cises, proprioception exercises, return to basic activity, and
return to sporting activity [56]. Lunges, for example, were
found to be initiated variably at timepoints ranging from 6
to 22 weeks, and were recommended in 30% of protocols
(Fig. 8). Table 1 presents selected examples of the significant
variability in rehabilitation protocols and their components.

Authors’ Preferred Surgical Treatment

The patient is positioned prone on the operative table with
the torso bolstered and all bony prominences padded. The
entire lower extremity on the operative side is sterilely
prepped and draped out. A transverse incision is created in
the gluteal crease just inferior to the ischial tuberosity. Care-
ful dissection is carried out through the underlying fat to the
gluteal fascia with attention to identifying and preserving
the posterior femoral cutaneous nerve deep to the gluteal
musculature. Loupes may be worn to facilitate this process.
The gluteal fascia is incised transversely along the inferior
border of the gluteus maximus muscle which is then elevated
and retracted superiorly to reveal the underlying hamstring
fascia. The investing hamstring fascia is incised longitudi-
nally exposing a second deeper “paratenon’ like layer. It
should be noted that some partial tears may be concealed by
an intact fascial layer, and also that in some cases scar tissue
in this region may create the appearance of intact tendons. It
is therefore necessary to carefully review preoperative imag-
ing to characterize the extent and location of the tear. Deep

Lat swing phase ‘ Rarly stanice phaso | Lato stance phaso

Fig.6 Running gait cycle, demonstrating the late swing phase that is
associated with musculotendinous or intramuscular hamstring injury.
Reprinted with permission from Danielsson et al.
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Table 1 Selected examples of varying recommendations in rehabilitation protocols for proximal hamstring ruptures

Rehabilitation category Exercise or recommendation Example Source(s)
Immediate postoperative protection Bracing Hip orthosis - [57]
Knee orthosis [49, 55, 58]
Cast [49]
No orthosis [20, 54]
Restricted weight-bearing Full restriction [49]
Partial restriction [55, 58]
No restriction [54]

Strengthening/muscle activation
Pool training

Proprioception/gait Gait training

Depending on use of tightness of repair [59]
and need for use of brace

Electrical muscle stimulation [49]
[20, 43]

Use of anti-gravity treadmill [49]

Video taping for visual feedback [20]

Limitation of stride length [20]

dissection is continued onto the ischial tuberosity. In more
acute cases, the appropriate layer is readily identified when a
large hematoma or seroma is encountered, with the ruptured
tendons contained therein.

The sciatic nerve is located laterally. While dissection and
mobilization of the nerve is not always necessary, especially
with partial and/or less retracted tears, the surgeon should
be mindful of its presence toward the lateral aspect of the
dissection. A formal neurolysis is more often indicated in the
setting of chronic, retracted tears, as these are more likely to
scar to the nerve or in the setting of ongoing sciatic neuritis.

Once identified and mobilized (Fig. 7), the hamstring ten-
dons are tagged with a heavy suture. The ischial footprint is
debrided and abraded with periosteal elevator or curette to
achieve a bleeding surface for repair. Use of a mechanical
burr to prepare the tuberosity is strongly discouraged. Anchor
configuration is determined by the tear pattern. For complete
3-tendon tears, 5 anchors are placed in an “X” configuration,
allowing anatomic restoration of the crescent-shaped foot-
print of the semimembranosus and the oval-shaped footprints
of the semitendinosus and biceps femoris. Knotted anchors
are always used. Suture passage should aim to restore the
anatomic relationship of the tendon origins with the semi-
membranosus laterally and the conjoint semitendinosus and
biceps femoris tendon medially. Sutures are passed through
the tendon in a horizontal mattress configuration and tied
with the knee in at least 30° flexion (Fig. 8). The wound is
then copiously irrigated and closed in layers, and the hip is
placed in an orthosis limiting hip flexion to 45°.
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Fig.7 Mobilization of the avulsed hamstring tendons (right leg). Red
arrowhead—hamstring tendons. Black arrow—gluteal fascia. Yellow
arrow—retracted gluteus maximus
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Fig.8 Repaired hamstring before cutting sutures (right leg)

Authors’ Rehabilitation Protocol

The goal of therapy and rehabilitation is to ultimately restore
motion and function while allowing the repaired tendons
to heal back to the ischium. Ultimately return to athletic
activities is based on isokinetic testing, and typically occurs
between 6 and 10 months postoperatively.

0 to 2 Weeks Postoperatively

Patients remain toe-touch weightbearing with crutches for
ambulation. The postoperative hip orthosis is maintained
unlocked full-time in 45° of flexion.

3 to 5 Weeks Postoperatively

Patients progress to partial weightbearing in the brace. Passive
motion of the hip and knee is initiated by the physical thera-
pist at the beginning of the third week. Under the guidance of
the therapist, patients progress to active motion at 4 weeks.

6 to 9 Weeks Postoperatively

Patients are weaned from the brace and crutches and allowed
to begin full weightbearing. Therapy is directed at increasing

Fig.9 Isometric hamstring exercise—single leg glute bridge

passive and active motion. Patients may participate in aqua-
therapy, isometric exercises, core strengthening, and closed
range exercises (Fig. 9). Isotonic strength training and
dynamic exercises are initiated at 8 weeks (Fig. 10).

10 to 16 Weeks Postoperatively

An isometric strength evaluation with the knee in 60°
flexion is conducted during the 10th postoperative week.
If the patient exhibits appropriate strength, they may
begin dry-land jogging. Therapists continue to work on
improving motion, strength, and normalizing gait. An
isokinetic evaluation is performed by 12 weeks, with the
knee at 60°, 120°, and 180° of flexion. Results are com-
pared with the contralateral leg, and return to sports is
allowed when flexion strength of the operative leg is at
least 80% of the other side.

Outcomes
Non-operative Versus Operative

Comparison of functional outcomes between non-operative
and operative management of proximal hamstring ruptures
is important for patient counseling and selection of the
appropriate treatment option. With complication rates
reported as high as 23.17% in operative cohorts, [10] the
decision to proceed with operative treatment should be
carefully considered, especially in an older patient popula-
tion. At 1-year follow-up, van der Made et al. found opera-
tive (n=26) and non-operative (n=233) patients to have

@ Springer



110

Current Reviews in Musculoskeletal Medicine (2023) 16:103-113

Fig. 10 Isotonic and dynamic
hamstring exercises. A, B
Isotonic—single leg dead-
lift, nordic hamstring curl. C
Dynamic—alternating split
squats

similar clinical outcomes and return to sport (RTS) time
and rate [49]; however, post-injury MRI imaging revealed
proximal continuity of the hamstring complex was restored
in approximately half of non-operative patients and nearly
all operative patients [60]. By contrast, Shambaugh et al.
compared minimal 1-year outcomes of 11 non-operative
and 14 operative patients and found non-surgical treatment
of proximal hamstring ruptures to result in inferior PROs,
notable hamstring weakness, and lower rates of return
to sport [51]. A systematic review including 24 studies
with 767 surgical patients and 28 non-surgical patients
reported significantly higher patient satisfaction (90.81%
vs. 52.94%), hamstring strength (85.01% vs 63.95%)
Lower Extremity Functional Scale (LEFS) scores (72.77
vs 69.53), and single legged hop test results (119.1 vs
56.62 cm) (all P <0.001) for surgical versus non-surgical
treatment [10]. In terms of return to sport, there was no
significant difference between the operative (79.75%) and
non-operative cohorts (70.59%) (P =0.363).

Limitations of the current literature include small
sample sizes in comparative studies, large difference in
cohort sizes in the systematic reviews, and lack of long-
term follow-up. Such characteristics can lead to under-
powered comparison studies and publication bias. Fur-
thermore, return to sport results have been reported for
heterogeneous study groups consisting of various levels
of play from recreational to professional athletes. There
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is also a lack of consistency among outcome measure-
ment tools reported. LEFS and mHHS are validated out-
come scores while PHAT is a more recently developed
score. Therefore, larger long-term prospective studies are
needed to better determine if differences exist in outcomes
and to what extent between non-operative and operative
treatment of proximal hamstring ruptures. The proximal
hamstring avulsion clinical trial (PHACT), the first ran-
domized clinical trial on operative versus non-operative
treatment of proximal hamstring avulsions, started enroll-
ment in 2017 with 11 study sites in Europe [61ee]. Sixty
patients will be randomly assigned to suture anchor repair
and 60 patients will undergo non-operative treatment with
PROs, strength testing, and MRI imaging to be collected
at 24 months. Results of this forthcoming study may help
shed further light on treatment algorithms.

Acute Versus Chronic Repair

Chronicity of the proximal hamstring rupture is another
important consideration when counseling patients on treat-
ment options. The definition of acute versus chronic opera-
tive repair is variable in the literature. Shambaugh et al.
compared outcomes of 93 repairs that occurred at 3 weeks
(n=47) or longer than 3 weeks (n=46) and 6 weeks
(n="173) or longer than 6 weeks (n=20) with no significant
difference found in PROs; however, patients who underwent
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surgical repair more than 6 weeks from injury experienced
more weakness of the operative leg compared with the con-
tralateral side in addition to greater sitting intolerance [57].
In a systematic review, Harris et al. evaluated chronicity of
repair (4 weeks vs >4 weeks) in 18 studies and found sig-
nificantly better patient satisfaction and higher rate of return
to pre-injury of sport in the acute repair group (91/95, 96%)
versus the chronic repair group (143/191, 75%) (P <0.001)
[16]. Furthermore, acute surgery required less sciatic
neurolysis (14% vs 32%, P <0.05), less mobilization of
retracted musculotendinous structures, smaller need for
fractional muscle lengthening, and smaller skin incisions.
Similarly, Bodendorfer et al. reported results on acute
versus chronic repair, defined as (8 weeks vs more than
8 weeks), from 24 studies, which demonstrated higher sat-
isfaction, lower pain scores and sitting pain, better strength,
and higher PROs in the acute repair group [10]. Return to
sport rates were not significantly different between groups.
In a retrospective study, Becker et al. evaluated outcomes of
226 patients that underwent open repair with mean follow-
up time of 26.2 +15.5 month. They found delay in surgery
and female sex to be predictive factors of lower PHAT
scores, while age and retraction of tendon stump on preop-
erative MRI did not influence PHAT scores [58].

Endoscopic Versus Open Repair

Endoscopic repair has gained traction as a minimally
invasive surgical approach to address proximal hamstring
avulsions; however, there is a paucity of outcomes data
in the literature. Kurowicki et al. was the first retrospec-
tive study to report the outcomes of an entire cohort of
endoscopic proximal hamstring repairs, including 20
patients with average follow-up of 23 months (range, 12
to 49 months). The authors found improved pain, range
of motion, strength, return to sport regardless of tear
severity (partial vs complete) or chronicity [62]. At mean
follow-up of 44.0 + 14.7 months, Fletcher et al. found
90% patient satisfaction, 100% return to sport and work,
73.3% complete resolution of pain, and only 3% compli-
cation and reoperation rate in 30 patients who underwent
endoscopic repair [63]. For comparison of open versus
endoscopic proximal hamstring repair, a multicenter com-
parative study was performed with 19 endoscopic repairs
and 31 open repairs. The cohorts demonstrated similar
PROs and satisfaction at a minimum 2-year follow-up
with low rates of complications (2 open repair vs 1 endo-
scopic repair) [64]. Further research with larger cohorts
and longer follow-up will be needed to further evaluate
the efficacy and safety of the endoscopic approach. In
addition, outcomes based on repair technique performed,
including number of anchors and configuration, is another
important area of research.

Augmentation/Reconstruction

As a relatively new technique, there is a paucity of literature
reporting functional outcomes following proximal hamstring
repair with augmentation of an auto- or allograft. Ebert et al.
published a retrospective study including 6 patients who under-
went proximal hamstring reconstruction with the ipsilateral
distal hamstring tendon. At 24 months, mean knee extensor
limb symmetry indices had recovered; however, a significant
difference still existed between the operated and non-oper-
ated limbs in knee flexor total work [65]. Five patients (86%)
were satisfied with the results of the surgery and their ability
to return to activities. The remainder of available outcomes
research reports mixed cohorts of repair and reconstruction or
sub-analyses of the reconstruction group. Therefore, additional
studies are required to validate this technique as a solution for
irreparable tears or deficiencies in tissue volume.

Conclusion

Proximal hamstring ruptures are a rare but potentially debili-
tating injury, which, if not evaluated and treated adequately,
can lead to substantial functional limitation and poor patient-
reported outcomes. The dynamic biomechanics and complex
anatomy of the hamstrings, along with their close spatial
relationships with the sciatic nerve and its branches lead to
variable presentations after proximal rupture injury function-
ally and on specific physical examination. While there is not
a definitive consensus around the indications for operative
versus non-operative management of these injuries, avail-
able data support the fact that delayed treatment, and some
cases of non-operative treatment, result in functional deficits
and poorer outcomes. Surgical intervention has demonstrated
good functional outcomes and high return to sport rate, how-
ever, further studies examining larger patient populations
with longer-term follow-up are needed to validate the effi-
cacy of this intervention, including comparison of contrasting
surgical techniques and complications. Depending on extent
of injury, patient age, and activity level, non-operative treat-
ment with appropriate rehabilitation can be considered and,
in carefully selected patients, may lead to comparable out-
comes. Rehabilitation protocols vary widely both in compo-
sition and timing, and patient outcomes may be improved
with further research and systemization regarding the optimal
rehabilitation process after proximal hamstring ruptures.
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