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Abstract

Purpose of Review To evaluate the current evidence and literature on treatment options for proximal hamstring injuries.
Recent Findings Patients with 3-tendon complete tears with greater than 2 cm of retraction have worse outcomes and higher
complication rates compared to those with less severe injuries. Endoscopic and open proximal hamstring repair both have
favorable patient reported outcomes at 5-year follow up. Proximal hamstring repair in patients who are male, with isolated
semimembranosus injury, and have proximal hamstring free tendon rupture are more likely to have earlier return to sports.
The Parisian Hamstring Avulsion Score (PHAS) is a validated patient-reported outcome measure to predict return to sports.
Summary Proximal hamstring injuries may occur in both elite and recreational athletes and may present with varying degrees
of chronicity and severity. Injuries occur most commonly during forceful eccentric contraction of the hamstrings and often
present with ischial tuberosity tenderness, ecchymosis, and hamstring weakness. Treatment decision-making is dictated by the
tendons involved and chronicity. Many proximal hamstring injuries can be successfully treated with non-surgical measures.
However, operative treatment of appropriately indicated proximal hamstring tendon injuries can result in significantly better
functional outcomes and faster and more reliable return to sports compared to nonoperative treatment. Both endoscopic and
open surgical repair techniques show high satisfaction levels and excellent patient-reported outcomes at short- and mid-term
follow-up. Postoperative rehabilitation protocols vary across the literature and ongoing study is needed to clarify the optimal
program, though emphasis on eccentric hamstring strengthening may be beneficial.

Keywords Hamstring - Tendon injury - Treatment outcomes - Endoscopic repair - Open repair

Introduction

Proximal hamstring injuries are a common lower extrem-
ity pathology that may present with variable severity and
chronicity of presentation. Diagnosis and classification of
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Background
Anatomy

The hamstring musculature is composed of the semimem-
branosus, semitendinosus, and the long and short heads of
the biceps femoris (Fig. 1). The semimembranosus has the
most lateral origin on the pelvis at the anterosuperolateral
aspect of the ischial tuberosity and travels anterior and
medial to the semitendinosus and biceps femoris muscles
[2, 3]. The proximal tendon has connections to the adduc-
tor magnus inferomedially [4]. The semitendinosus origi-
nates as part of the conjoined tendon along with the long
head of the biceps femoris at the inferomedial aspect of
the ischial tuberosity [2, 3]. The long head of the biceps
femoris composes the other portion of the conjoined ten-
don that originates at the inferomedial aspect of the ischial
tuberosity [2, 3]. The short head of the biceps femoris does
not cross the hip joint and originates on the lateral lip of
the femoral linea aspera [3, 5].

Adjacent to the hamstring origin are several critical
nerves. The sciatic nerve is approximately 1.1 cm lateral
to the proximal hamstring origin and the posterior femoral
cutaneous nerve (PFCN) is approximately 0.7 cm lateral
to the proximal hamstring origin [6]. Although the latter
values for both the PFCN and sciatic nerves are averages,
surgeons must always be prepared to encounter either, or
both, of these nerves sitting directly on the surface (0.0 cm
away) of the proximal hamstring origin. The PFCN is a
sensory nerve which is typically derived directly from
the sacral plexus roots S1 — S3 [7]. The pudendal nerve
originates from the sacral plexus roots S2 — S4 and runs
closest to the proximal hamstring origin when it is deep to
the sacrotuberous ligament, and it is approximately 2.6 cm
superior and 2.3 cm medial to the proximal hamstring ori-
gin [6].

Biomechanics

The hamstring musculature acts primarily to extend the
hip and flex the knee. The biceps femoris aids in external
rotation of the knee and the semitendinosus and semimem-
branosus aid in internal rotation of the knee [3]. In the
swing phase of the gait cycle, the hamstring muscles acti-
vate during hip extension to resist knee extension [4]. Dur-
ing the heel strike of the gait cycle, the hamstring muscles
prevent forward translation of the tibia in conjunction with
the anterior cruciate ligament (ACL), especially when the
knee is partially flexed [3, 9]. At foot strike, the hamstrings
aid in hip extension and stabilize the knee [3]. During
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Fig.1 Anatomic cadaveric dissection demonstrating the proximity of
the sciatic nerve (SC) lateral to the ischial tuberosity (red line) and
proximal insertions of the long head of the biceps femoris (Bl),
semitendinosus (ST), and semimembranosus (SM). Permission was
obtained for re-use of this figure from the publisher [8]

take-off, the combined contraction of the quadriceps and
hamstrings support the weight-bearing leg [3]. It is postu-
lated that the imbalance between hamstring and quadriceps
strength during take-off, in addition to the transition from
a stabilizing role to contracting role, contributes to ham-
string injury [4, 9].

Epidemiology

Injuries to the hamstring are common in both recreational
and competitive athletes. Hamstring injuries account for
up to 30% of new lower extremity injuries and 10 to 29%
of all injuries in athletes [10—14]. Injuries of the hamstring
most commonly occur at the musculotendinous junction,
and proximal injuries only represent 12% of all hamstring
injuries [15]. The biceps femoris is the most commonly
injured, followed by the semitendinosus and semimembra-
nosus [16—18]. Hamstring injuries are at substantial risk
of becoming chronic with reinjury rates ranging from 12
to 34% [10, 16, 19, 20].
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Mechanism of Injury

The mechanism of proximal hamstring injury is usually seen
with an eccentric load applied to a flexed hip and extended
knee causing elevated hamstring tension. The hamstring
is under the greatest strain at the end of the swing phase
when there is eccentric contraction of the muscle fibers at
maximal elongation [21]. Activities with rapid acceleration
and deceleration, sprinting, water-skiing, and bull-riding are
high-risk activities. Additionally, a common mechanism of
injury occurs when the legs separate into a “splits” position
with flexion of one hip and extension of the contralateral hip.

Injury Classification

There are many factors that are important to consider in the
management of proximal hamstring injuries including loca-
tion, severity, and acuity. Injury location can be insertional
(bony or tendinous avulsion), at the musculotendinous junc-
tion, or a midsubstance muscle injury.

Wood et al. classified proximal hamstring injuries into
five distinct types [22]:

e Type 1: Osseous or apophyseal avulsions, seen in skel-
etally immature patients

e Type 2: Musculotendinous junction

e Type 3: Incomplete tendon avulsions from bone

e Type 4: Complete avulsions, no to minimal tendon retrac-
tion

e Type 5: Complete avulsion with significant tendon retrac-
tion

Type 5A: no sciatic nerve involvement
Type 5B: presence of sciatic nerve tethering

Hamstring injuries are also commonly classified by the
number of tendons involved as this has been used to guide
treatment; they can involve one, two, or all three tendon ori-
gins. Acuity of injury presentation is not well defined in
the literature with acute injury ranging from 4—12 weeks
[23-25]. However, it is the authors’ practice that acute injury
presentation is less than six weeks from initial injury and
chronic is greater than six weeks.

Risks Factors

A variety of risk factors for hamstring injury have been
described in the literature including previous hamstring
injury, inadequate warm up, muscle fatigue, dehydration,
decreased lower extremity flexibility, poor core stability,
prior fluoroquinolone antibiotic use, and strength imbalances
[26-32]. Of note, previous injury is the strongest risk factor,
increasing risk of reinjury up to six times [31, 32], which

is thought to be due to decreased strength of the repair scar
tissue, lowering the threshold for reinjury [14].

Clinical Presentation, Physical Examination,
and Differential Diagnosis

An acute injury to the proximal hamstring complex typically
presents with a palpable pop and pain located in the glu-
teal or ischial tuberosity region. Injuries often occur during
activities with concurrent hip flexion and knee extension.
Chronic injury can be a more subtle diagnosis that often
presents as gluteal/ischial tuberosity pain that radiates down
the posterior thigh. Chronic injuries are commonly seen in
populations with repetitive hip flexion with knee extension,
such as endurance runners. In this population, PFCN symp-
toms may frequently predominate, presenting with burning
pain while being seated due to direct pressure on one or
more of the nerve branches.

Typical physical examination findings include a straight
leg gait to avoid hip and knee flexion, posterior thigh swelling
and ecchymoses (which can extend to the popliteal fossa and
calf due to gravity), palpable mass of muscle distally on pos-
terior thigh, tenderness to palpation of ischial tuberosity, pain
with sitting, weakness in knee flexion in comparison to the
contralateral extremity, and apprehension with hip flexion.
If there is sciatic nerve or PFCN tethering or involvement,
patients may have paresthesias down the posterior thigh into
the lower leg or even neurologic-origin motor weakness.

A number of diagnoses may have overlapping presenta-
tions with proximal hamstring injuries and should be con-
sidered in the differential diagnosis. Lumbosacral radicu-
lopathy may present with sciatic nerve-related symptoms
and a positive straight leg test. Ischiofemoral impingement
(IFT) is caused by compression of tissues between the ischial
tuberosity and lesser trochanter. In fact, IFI from the lesser
trochanter is likely a frequent causative structural factor in
a large number of chronic proximal hamstring tendinopathy
cases with or without partial-thickness tears. On physical
exam, patients will have pain with concomitant hip exten-
sion, adduction, and external rotation. Piriformis or deep
gluteal syndrome is extra-pelvic compression of the sciatic
nerve. Patients will present with paresthesias or pain in the
buttocks with a reproduction or worsening of symptoms with
simultaneous hip adduction and internal rotation.

Nonoperative Treatment
Indications for Nonoperative Treatment
While there has been a trend towards surgical management

of proximal hamstring injuries, most injuries can be suc-
cessfully managed nonoperatively depending on patient
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characteristics, the number of involved tendons, the tear
thickness, the presence of and amount of retraction, and the
chronicity of injury. Commonly referenced parameters that
predict success with nonoperative treatment include low-
grade partial tears, tears at the myotendinous junction, tears
involving a single tendon, tears involving two tendons with
less than two centimeters of retraction, and chronic tendi-
nopathy [22, 33, 34]. Furthermore, patients with significant
medical comorbidities or low functional demands may be
candidates for nonoperative treatment regardless of tear
characteristics (Table 1).

Nonoperative Treatment Modalities

Initial nonoperative treatment includes activity modification,
rest, nonsteroidal anti-inflammatories, and targeted physi-
cal therapy. The Aspetar eccentric strengthening program is
one example of a targeted, staged physical therapy program
which progressively incorporates additional movements and
activities to guide the transition back to sport [35]. Ham-
string-targeted rehabilitation (programs incorporating ham-
string specific exercises) has been associated with decreased
reinjury rates compared to generalized rehabilitation pro-
grams [36]. A randomized trial of Swedish track athletes
demonstrated faster return to sport (49 versus 86 days) in
athletes undergoing hamstring specific rehabilitation [37].
The Nordic Hamstring Exercise (NHE), an eccentric
hamstring strengthening movement, is a cornerstone of most
rehabilitative and preventative exercise programs (Fig. 2).
In a randomized trial of 942 Danish soccer players, players
who underwent eccentric hamstring strengthening had a 59%
reduction in odds of new injuries and an 86% reduction in
odds of reinjury [38]. One hamstring injury was prevented
for every 13 players undergoing NHE preventative programs

Table 1 Summary of common indications for nonoperative treatment
of proximal hamstring tendon injuries

o Single-tendon injuries

e 2-tendon injuries with less than 2 cm of retraction

o Partial tears

e Myotendinous junction ruptures

o Chronic hamstring tendinosis at the insertion on the ischial tuberos-
ity

e Poor surgical candidate with significant medical comorbidities

[38]. A meta-analysis of exercise programs incorporating the
NHE demonstrated a reduction in new injury rates by 51%
in athletic populations [39]. Based on these results, there is
arandomized control trial underway to study the efficacy of
NHE at preventing re-injury [40].

There has been controversy over the optimal timing of
rehabilitation programs following acute injury. However,
studies investigating the role for early versus delayed exer-
cises have not shown a significant difference [41].

Role for Biologics

There has been increasing interest in biologic adjuncts to tra-
ditional nonoperative treatment such as platelet rich plasma
(PRP) injections. Although most studies have reported no
difference, one early randomized controlled trial on patients
undergoing nonoperative management of acute, partial thick-
ness, single-tendon proximal hamstring injuries suggested
intralesional PRP injections may lead to improved recovery
[42]. Hamid et al. observed an improvement in return to
play (27 vs 43 days) and decreased pain in 14 patients who
had been randomized to receive a single autologous PRP
injection and rehabilitation compared to 14 patients who

Fig.2 Depiction of Nordic Hamstring Exercise (NHE) otherwise
known as Nordic Hamstring Curls. Using an assistant to stabilize the
feet, the patient starts in a kneeled position (A), eccentrically loads
the hamstrings during lowering phase (B), and then contracts the
hamstrings to return to the upright kneeling position (C). Clinicians
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instructing patients to complete this exercise must adequately pad
the knee to avoid instigating or worsening anterior knee pain. Alter-
natively, if anterior knee pain precludes proper form or participation
in part of in full, a GHD (glute-hamstring developer) machine is an
excellent tool to perform eccentric hamstring strengthening
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underwent rehabilitation alone [42]. In this study, patients
received a single 3 mL dose of autologous PRP directly at
the injury location using ultrasound guidance, but leukocyte
count was not reported [42]. A more recent meta-analysis
including 207 proximal hamstring injuries being treated non-
operatively across 10 studies failed to identify a significant
difference in return to play timing or reinjury rates among
patients who did or did not receive PRP injections as part of
their rehabilitation [43].

Importantly, there is also significant heterogeneity in
specific PRP administration protocols, including number of
injections, leukocyte concentration, and spacing of injec-
tions, which could lead to inconsistent results. In ten studies
included in a recent meta-analysis, three used leukocyte-rich
PRP, two used leukocyte-poor PRP, and five did not report
leukocyte concentration [43]. Eight studies administered a
single injection and one administered two to three depending
on grading [43].

Authors’ Recommendations for Nonoperative
Treatment

In the authors’ experience, not all full thickness tears, even
with retraction, require surgery to achieve a satisfactory
outcome. The authors prefer initial nonoperative treatment
for the majority of tears meeting the above-listed criteria
(Table 1). The decision to operate should incorporate patient
goals and expectations, as well as medical comorbidities
and functional demands. While the timing of therapy does
not seem to be critically important, a hamstring-targeted
therapy program incorporating eccentric exercises should be
followed. There is not a consistently proven role for adjunc-
tive PRP injections currently, although PRP use is an area
of ongoing research.

Operative Treatment
Indications for Operative Treatment
The decision to perform surgery is guided by injury sever-

ity, acuity, patient factors, and surgeon experience. Surveys
of American Orthopaedic Society for Sports Medicine

(AOSSM) and Arthroscopy Association of Canada (ACC)
surgeons showed that the most important considerations
for surgical treatment were number of tendons involved,
tendon retraction, and patient activity level [44]. Common
indications for operative treatment are 3-tendon complete
proximal avulsions, 2-tendon avulsions with greater than
2 cm of retraction, and other partial tendon injuries that
have failed nonoperative management for minimum three
months [45]. A variety of open, endoscopic, and combined
repair techniques have been described in the literature. Sur-
gical technique is primarily dictated by surgeon comfort and
experience. Endoscopic primary repair, for those trained in
the technique, is often used for partial avulsions with mini-
mal retraction (2-5 cm) and a tendon stump that remains
under the gluteus maximus [46—48]. Although significantly
retracted tears (> 5 cm) frequently are approached using
an open technique, recent reports suggest an endoscopic
approach can successfully treat tears with up to 15 cm of
retraction [49]. Open approaches are generally utilized for
complete avulsion injuries and in chronic tears with signifi-
cant tendon retraction. The common recommendations for
surgical management are demonstrated in Table 2.

Patient Positioning and Draping for Surgical
Treatment

The authors recommend positioning the patient prone with
the knees slightly flexed to relieve tension at the proximal
hamstring insertion. Additionally, flexion of the table at
the hips with slight Trendelenburg can aid in position-
ing. The entire operative lower extremity is placed within
the sterile field. The anal region is draped out of the field
to limit incision and surgical field contamination. Addi-
tionally, a betadine-soaked sponge may be used to clean
for 60 s around the perineum to further reduce the risk
of infection. Standard surgical preparation is performed.
The ipsilateral foot is placed within a stockinette such that
foot/ankle movement can be palpated when dissecting near
the sciatic nerve. Fluoroscopy may be helpful for accurate
portal placement during endoscopic repair and should be
accounted for during patient and table positioning. An arm
board or sterile covered Mayo stand may be used to hold
the surgical extremity in an abducted position for portal

Table 2 Indications for the
surgical management of
proximal hamstring injury

Operative indications

Endoscopic relative indications
Open relative indications

e 3-tendon complete proximal avulsion

o 2-tendon injury with greater than 2 cm of retrac-
tion

e Partial injuries that have failed nonoperative man-
agement for minimum of 3 months

e Partial avulsions with minimal retraction (2-5 cm)

e Complete tears
o Chronic tears with significant tendon retraction
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placement and for parts or all of the surgical procedure,
as the abducted position will allow the sciatic nerve and
PFCN to move laterally away from the proximal hamstring
and the ischial bursa.

Endoscopic Repair

In the endoscopic repair of proximal hamstring injuries, the
ischial tuberosity and gluteal crease serve as landmarks for
portal placement. The first portal (medial portal) is made
in or just distal to the gluteal crease in a transverse fashion
at a location 2 cm distal to the inferior border of the ischial
tuberosity just medial to the lateral border of the tuberos-
ity (Fig. 3), and this position may be confirmed with fluor-
oscopy. This portal is made first since it is made blindly
and is furthest from the sciatic nerve. The arthroscope is
then inserted into the ischial bursa using medial portal.
The authors prefer use of a 70-degree arthroscope, but a
30-degree arthroscope may also be utilized. Of note, the
authors recommend a pump pressure of 30—40 mm Hg or
less to limit swelling in the gluteal region. Two additional
portals (Figs. 3 and 4) may then be placed lateral to the
medial portal. The second portal is usually the central portal,

Fig.3 Endoscopic proximal hamstring repair pre-operative markings
for portal placement. A Prone position, left proximal hamstring endo-
scopic repair portals. The first portal is the medial portal in the glu-
teal crease; the second portal is the central portal, between the medial
and lateral (third) portals. The central portal may be placed further
distal depending on the degree of tendon retraction. Distal accessory
portals further distal in the thigh may be needed to retrieve signifi-
cantly retracted torn tendons (greater than 5-7 cm). A proximal trans-
gluteal portal is an excellent portal for suture management, distal and
lateral to the inferior gluteal nerve. B Same photo as A, with the sci-
atic nerve roughly outlined with the lateral dotted line and the ischial
tuberosity roughly outlined with the medial dotted line
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about 2-3 cm lateral to the medial portal and just distal to
the gluteal crease, or increasingly distal depending on the
amount of torn hamstring tendon retraction. The third portal
(lateral portal) is made 2—3 cm lateral to the central portal
and usually at the same proximal—distal level as the medial
portal. Both the central and lateral portal should be made
under direct arthroscopic visualization to prevent PFCN
or sciatic nerve injury. A fourth portal is advantageous
in instances of multiple double- and triple-loaded suture
anchors placed for efficient suture management. This fourth
portal is a proximal trans-gluteal portal through the gluteus
maximus, below and medial to the inferior gluteal nerve.
This portal is helpful for docking sutures proximally while
passing and tying sutures distally.

Once in the ischial bursa, the most superficial nerve iden-
tified first is the PFCN. PFCN anatomy is variable here at
the level of the ischial tuberosity. The constant branch is
a vertical proximal to distal branch that is on or just lat-
eral to the tuberosity. Variable branches include a second or
third vertical branch, usually increasingly lateral and further
distal than the tuberosity. A transverse branch is less com-
monly encountered. However, when a transverse branch is
present, it typically crosses from the lateral aspect of the
tuberosity across medially to the perineum over the adductor
magnus origin. A transverse branch is cumbersome during
both endoscopic or open repair as it crosses directly over the
proximal hamstring footprint and must be protected through-
out the repair to avoid iatrogenic injury. Deep to the PFCN is
the sciatic nerve. A cruciate leash of vessels often connects
the PFCN to the sciatic and then proceeds medially to the
hamstring / quadratus femoris junction and laterally to the
femur. Great care must be taken in surgical dissection here
to avoid any inadvertent vessel injury, as this complicates
visualization greatly and hemostasis is challenging given
the close proximity to both nerves. A clear space lateral to
the tuberosity must be obtained with the nerve safely away
from the hamstring so that suture passage can be 100% visu-
alized and not contact the sciatic nerve. The sciatic nerve
approaches the proximal hamstring more closely in the more
proximal aspect of the surgical field, as the nerve crosses
superomedially over the obturator internus just proximal to
the hamstring origin. An ischial bursectomy is performed
with an arthroscopic shaver or radiofrequency device to
improve visualization and remove a pain source.

Undersurface partial-thickness tears may be identified
via a wave sign or a bubble sign. By palpating the footprint
on the ischium, a wave sign can indicate tendon instabil-
ity characteristic of an undersurface partial-thickness tear.
A bubble sign is positive if a needle is placed through the
intact tendon into the actual tear at the interface between
the tuberosity and the tendon and 5 to 10 mL of air injected
with observation of the tendon elevating significantly. Once
the partial-thickness tear is confirmed, tendon elevation may
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Fig.4 A Prone position, oblique
view, left proximal hamstring
endoscopic repair portals. The
arthroscope is in the medial
portal; an 8.5 mm diameter
cannula is in the central portal
(used for suture passage, suture
tying, instrumentation); the
lateral portal (*) is often used
for anchor drilling and suture
management; the proximal
trans-gluteal portal (#) is a
proximal suture management
portal. B Same photo as A,
direct top-down view

be performed depending on the exact tear location. In most
high-grade partial-thickness tears, the lateral aspect of the
conjoint tendon and the medial aspect of the semimembra-
nosus tear are torn centrally (in the coronal plane, usually the
same visualization as the arthroscope affords during repair)
in the overall tendon footprint. Thus, a vertical transtendi-
nous split with an arthroscopic knife can open the undersur-
face tear for complete characterization. Remnant soft tissue
can be removed from the tuberosity footprint and the ischial
footprint may be decorticated with a burr. While decortica-
tion to cancellous bone does afford improved biology, the
cancellous bone is softer and the suture anchor(s) used must
account for bone mineral density to offer a secure repair.
The authors prefer the lateral portal with straight or curved
guides to drill and place anchors. Two or three tape or suture
double-loaded non-metallic suture anchors are usually used
for a routine high-grade partial-thickness tear (Fig. 5). Full-
thickness complete retracted tears usually require either
three triple-loaded or four double-loaded anchors. A side-to-
side (one suture limb lateral, one suture limb medial) repair
is typically used for each suture in a partial-thickness repair.
A full-thickness complete repair likely necessitates greater

Fig.5 A Left proximal
hamstring endoscopic repair
with two tape double-loaded
all-suture suture-anchors; view-
ing from medial gluteal crease
portal; sutures exiting from the
trans-gluteal suture manage-
ment portal. B Completed left
proximal hamstring endoscopic
repair after side-to-side configu-
ration and standard arthroscopic
knot-tying techniques

suture configuration strength. In this situation, the authors
prefer a modified Mason-Allen configuration (Fig. 6). Repair
security is tested with a flexion and extension of the hip
and knee, in addition to IFI maneuvers from both the lesser
(extension, adduction, external rotation) and greater (flexion,
abduction, and external rotation) trochanters (Fig. 7).

Open Repair

For an open repair, a~5 cm horizontal incision is made
over the palpable ischial tuberosity within the gluteal fold.
In cases of large retraction of the tendon and/or in chronic
settings, a longitudinal incision can be made from the ischial
tuberosity distally or a T-shaped incision could be created.
After subcutaneous dissection, the gluteal fascia is identified
and incised in the same direction as the incision. The inferior
border of the gluteus maximus is identified and retracted
proximally with a blunt retractor to expose the hamstring
fascia. In the acute setting, there will often be a hematoma
or fascial defect that can help identify the tendons. Once
identified, the hamstring tendons are mobilized both bluntly
and sharply from adhesions. Care is taken not to injure the
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Fig.6 A Right proximal ham-
string endoscopic repair with
three tape double-loaded all-
suture suture-anchors for 5 cm
retracted complete full-thick-
ness three tendon tear; viewing
from medial gluteal crease por-
tal. B Completed right proximal
hamstring endoscopic repair
after modified Mason-Allen pul-
ley technique configuration and
standard arthroscopic knot-tying
techniques

Fig.7 Right proximal hamstring endoscopic repair with fluoroscopic
visualization of greater trochanter-ischium ischiofemoral impinge-
ment. The endoscope is the inferomedial instrument, while a curved
radiofrequency device is used as a radiographic marker indicating the
proximal margin of the hamstring origin, where the posterior aspect
of the greater trochanter makes contact

PFCN and sciatic nerve during dissection, remembering that
these nerves run along the lateral aspect of the tuberosity.
Neurolysis of the sciatic nerve may be indicated if adhe-
sions to the nerve are present. The posterior surface of the
ischium is identified and prepared with a combination of
rongeur, curette, and burr for anchor placement. Anatomic
repair with two or three suture anchors is performed placing
the anchors at the native origin for the injured tendon(s). In
an open approach, the authors will typically use one limb
from each suture as a running, locking stitch and the other
as a post to dock the tendon down to the tuberosity (Fig. 8).

Combined Endoscopic and Open Repair

Limited literature on combined endoscopic and open repair
techniques have been described in the literature for proxi-
mal hamstring repair [50-52]. This technique is described in
the setting of chronic hamstring avulsions, tendon retraction
greater than 4 cm, or in proximal hamstring reconstruction
[50-52]. The described techniques start with endoscopic
evaluation of the sciatic nerve and PFCN and preparation
of the ischial tuberosity [50-52]. Then an open incision
is made, either longitudinally over the hamstring stump
or along the gluteal crease [50-52]. The hamstring stump

Fig.8 Open proximal hamstring repair demonstrating (A) tendon stump identification, (B) running, locking stitches in the tendon, and (C) final

repair construct to the ischium
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is then identified and mobilized for anatomic repair with
suture anchors [50-52]. The benefits of this approach are
in its facilitated visualization of the tuberosity and release
of adhesions around the nerve with the scope, and a poten-
tially stronger suture construct with an open suture passage
technique.

Outcomes and Complications

There have been many studies in recent years evaluating
outcomes of proximal hamstring injury treatments, how-
ever the majority are small and retrospective with conflict-
ing findings. Over the past two decades years, more sys-
tematic reviews have been published that provide valuable
insight into the treatment of proximal hamstring injuries [24,
53-56]. A systematic review by Hillier-Smith and Paton
analyzed 35 studies for a total of 1530 proximal hamstring
repairs [55]. They report that surgical treatment of proximal
hamstring injury, regardless of technique, has high satis-
faction rates, improved strength, and enhanced functional
clinical outcomes and return to sport times compared to
nonoperative treatment [55]. They also reported that surgi-
cal treatment of acute compared to chronic injury had sig-
nificantly faster return to sport times (4.5 vs 6.5 months,
p <0.001), lower re-rupture rates (0.2% vs 1.0%, p=0.045),
and decreased rates of sciatic nerve dysfunction (0.7% vs
5.1%, p<0.001) [55].

Recent articles from Fenn et al. have provided more
insight into the patient outcomes after proximal ham-
string repair. In one study, the authors evaluated patient
reported outcomes of 75 patients who underwent open or
endoscopic proximal hamstring repair at 2-year follow up
[57]. They found that patients with 3-tendon complete tears
with greater than 2 cm of retraction had significantly lower
Patient Acceptable Symptom State (PASS) rates in multi-
ple outcome scores (p <0.032) and a higher complication
rate (45.2%, p=0.043) compared to less severe injuries
[57]. Additionally, they found that in cases with 3-tendon
complete tears with less than 2 cm of retraction, endoscopic
repair had significantly higher PASS rates across multiple
outcome scores compared to open repair [57]. In another
study, Fenn et al. evaluated outcomes at mid-term follow-up
for proximal hamstring repairs, addressing a current litera-
ture gap. They reviewed 35 patients that underwent proxi-
mal hamstring repair with greater than 5-year follow up and
found that endoscopic and open repair techniques both had
favorable patient reported outcomes [58].

In a recent systematic review evaluating complication
rates after surgical treatment of proximal hamstring inju-
ries by Lawson et al., the authors evaluated 43 studies
that included 2833 proximal hamstring repairs [56]. They
found an overall complication rate of 15% which is substan-
tially lower than previously reported rates of 23% [24, 56].

However, these authors acknowledge that they were unable
to further compare complications rates between open and
endoscopic repair, partial and complete injury, and acute
versus chronic injury [56].

Predictive Factors of Return to Sport

Several studies have sought to identify predictors of return
to sport after operative management. A case series of 64
professional athletes undergoing surgical treatment of proxi-
mal hamstring injuries found that patients who were male
sex (HR 2.91, p=0.047), had isolated semimembranosus
injuries (HR 3.86, p<0.001), and had proximal hamstring
free tendon ruptures (HR 5.18, p <0.001) were more likely
to have earlier return to sports [59]. A recent study by Lefe-
vre et al. validated a new patient-reported outcome meas-
ure called the Parisian Hamstring Avulsion Score (PHAS)
in 156 patients, serving as another methodology to predict
return to sports [60]. In a systematic review from 2019 of
sixteen studies, there was a trend toward quicker return to
sport with earlier surgical intervention, which is similar to
the finding by Hillier-Smith and Paton suggesting that acute
injuries had faster return to sport times [55, 61].

Author Recommendations

Based on the current literature and our experience, for
acute partial and complete tears with minimal retraction,
the authors prefer endoscopic techniques for proximal ham-
string repair. For retracted and more chronic tears we prefer
an open approach for proximal hamstring repair.

Of note, there are some important distinctions based on
our experience between open and endoscopic repair to keep
in mind. First, open repair allows for placement of a run-
ning, locking stitch technique along the entire length of the
tendon, versus the simple or mattress stitch in endoscopic
repair. Additionally, endoscopic repair has a steep learning
curve and effectiveness may be dependent on surgeon expe-
rience. However, morbidity of an open incision is signifi-
cantly greater than that from endoscopic portal incisions.
Furthermore, endoscopic repair allows for more accurate
identification and protection of neurologic structures.

Postoperative Rehabilitation

Postoperative rehabilitation protocols after proximal ham-
string repair have been shown to be highly variable in the
timing of strengthening, stretching, and completion of stand-
ardized return to sport criteria before resuming training [62].
While this is in an area for future research and an opportu-
nity to improve patient care, the authors’ recommendation for
postoperative proximal hamstring repair is outlined below.
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Phase I: 0-6 Weeks Postoperatively

The goal of this phase is wound healing and pain control.
Patients typically do not start formal physical therapy until
4-6 weeks postoperatively. Patients are permitted to be touch
down weightbearing. A hinge knee brace is worn, locked at
45-50 degrees, until week 4-6. Patients are instructed to
avoid hip flexion with knee extension. Of note, allowance
of knee extension while upright and passive flexion to 90
degrees while seated has demonstrated good outcomes after
proximal hamstring repair [63].

Phase Il: 6-12 Weeks Postoperatively

From weeks 4-8, the patient begins gradually progressing
active knee flexion in the brace. Weightbearing is progressed
as tolerated and the patient is weaned from crutches. The
goal of this phase is to normalize gait with full range of
motion and initiate basic functional movements such as par-
tial squats without exceeding 60 degrees of knee flexion.

Phase lll: 12-16 Weeks

The goal of this phase is to continue progression of ham-
string strengthening, including beginning of strengthening
of the hamstrings in a lengthened position. Jogging / light
running may be initiated in this phase.

Phase IV: 16 + Weeks

Sport-specific movements and impact are initiated. Return to
sport criteria includes less than a 10% deficit on functional
testing and side-to-side testing compared to the contralateral
side.

Additional Author Recommendations

Additional author recommendations from clinical experi-
ence are listed below.

e Both endoscopic and open proximal hamstring repair
techniques require careful nerve management of the
PFCN and sciatic nerve. Transverse branches of the
PFCN can be difficult to manage intraoperatively and
likely are a large contributor to post-operative pain.

e Many chronic high-grade partial thickness tears are attri-
tional, friction-driven injuries derived from IFI between
the lesser trochanter and ischium.

e Full thickness retracted tears can be endoscopically
repaired if the tendon is reasonably mobile for anatomic
repair, which is usually within a month of initial injury.
However, endoscopic repair is still possible in chronic

@ Springer

cases with large retraction and may provide a safer tech-
nique for nerve protection; endoscopic repair in this set-
ting is technically challenging and may have reduced
fixation strength compared to open repair.

e During the initial learning curve for endoscopic repair,
abducting the leg and potentially onto an padded Mayo
stand will aid in safe mobilization of the PFCN and sci-
atic nerve away from the ischial tuberosity.

e Thorough intraoperative examination under anesthesia
for lesser and greater trochanter IFI can help determine
the etiology and potential for post-operative pain, despite
successful technical repair and ultimate biological heal-
ing.

e Diabetes is a risk factor for repair failure.

e Patients on weight-loss medication (e.g., ozempic,
wegovy) often have poor tuberosity bone quality and
anchor pull-out strength may be tested. From our expe-
rience, suture anchors have adequate fixation, however
solid/metal anchors may be indicated in cases of poor
bone stock.

e Bidets use in the initial postoperative period should be
restricted due to risk of surgical site contamination with
fecal contents.

Conclusion

Proximal hamstring injuries are common and important to
accurately diagnose at presentation. Most hamstring injuries
can successfully be managed with nonoperative treatment.
However, in the cases of complete rupture, 2-tendon tears
with retraction, and injuries refractory to nonoperative treat-
ment, surgical repair is warranted. Open repair techniques
have traditionally been employed, however the literature for
endoscopic repair is increasing in recent years and is shown
to have excellent outcomes. Careful postoperative manage-
ment and mindful rehabilitation are crucial to limit compli-
cations and to improve success after surgical repair.
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