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Abstract

STUDY DESIGN—Case report.

BACKGROUND—Proximal hamstring tendinopathy in runners is characterized by pain with 

passive hip flexion with the knee extended, active hip extension, and pain with sitting. Relatively 

little literature exists on the condition, and publications on nonsurgical treatment protocols are 

even more scarce. Surgical intervention, which comprises the majority of literature for treatment 

of this condition, is an option for cases that fail to respond to nonsurgical treatment.

CASE DESCRIPTION—The patient was a 34-year-old, otherwise healthy male triathlete with 

unilateral proximal hamstring tendinopathy diagnosed by ultrasound, who had pain only with 

running and prolonged sitting. After he failed to respond to 4 weeks of eccentric knee flexion and 

lumbopelvic musculature strengthening exercises, an eccentric hip extensor strengthening program 

using a treadmill was initiated. This treadmill exercise was performed on a daily basis, in addition 

to a lumbopelvic musculature strengthening program.

OUTCOMES—The patient noted a decrease in pain within 2 weeks of initiating the new exercise, 

and was able to return to gradual running after 4 weeks and to speed training after 12 weeks. He 

returned to competition shortly thereafter and had no recurrence for 12 months after the initiation 

of therapy. His score on the Victorian Institute of Sport Assessment-proximal hamstring tendons 

improved from 23 on initial presentation to 83 at 12 weeks after the initiation of therapy.

DISCUSSION—We described the management of a triathlete with subacute proximal hamstring 

tendinopathy, who responded well to nonsurgical treatment using eccentric hip extension 

strengthening using a treadmill.

LEVEL OF EVIDENCE—Therapy, level 4.
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Clinically, proximal hamstring tendinopathy (PHT) is commonly seen in runners of all 

distances. Yet, to the authors’ knowledge, no incidence data have been published. 

Anatomically, the semitendinosus and the long head of the biceps femoris muscles combine 

to create a conjoined tendon that inserts medially on the ischial tuberosity and sacrotuberous 

ligament, abutted by the insertion of the semimembranosus more laterally on the 

tuberosity.18,26 The inferior border of the gluteus maximus and the sciatic nerve are within 

close proximity to the tendon.18 It is presumed that overuse, poor lumbopelvic stability, and 

relatively weak hamstring musculature contribute to the development of PHT.10

Runners with PHT often present with pain located near the ischial tuberosity of the affected 

limb that can extend down the posterior thigh.7,10,15,22 Sciatic nerve involvement and 

related symptoms, as evidenced by surgical exploratory findings, are often reported due to 

the sciatic nerve’s proximity to the site of injury.10,22,25 The sciatic nerve may be directly 

irritated by the proximal hamstring injury, creating true sciatic nerve involvement; however, 

most often PHT mimics sciatica by causing hamstring pain that refers down the posterior 

thigh. Common symptoms include pain with prolonged sitting, primarily on hard surfaces; 

pain with forward flexion of the trunk; and pain with running, often noted in the later part of 

the swing phase.10,22 Several diagnostic physical exam maneuvers have been described, 

including the Puranen-Orava test, the bent-knee stretch test, the modified bent-knee stretch 

test,5 and the supine 1-legged bridge.10 TABLE 1 lists common symptoms and physical 

exam findings seen in individuals with PHT.

Magnetic resonance imaging and ultrasound have both been used to aid in diagnosis, with 

magnetic resonance imaging providing higher sensitivity.33 Common imaging features 

include increased tendon size, peritendinous T2 signal with a distal feathery appearance, and 

ischial tuberosity edema.9

The majority of the existing literature on the treatment of PHT revolves around surgical 

intervention, which has traditionally been reserved to address complete acute tears; however, 

recently, surgery has also been used to repair partial tears.3,4 Several nonsurgical options 

have been described for the treatment of PHT, including shockwave therapy,7 eccentric 

exercises with trunk/pelvis musculature strengthening,10,11 corticosteroid injection,33 

massage/soft tissue mobilization,10,17 platelet-rich plasma injection,31 and a combined 

chiropractic approach.32 A recent description of 2 runners with PHT reported positive 

results with conservative treatment consisting of eccentric strengthening, lumbopelvic 

stabilization exercises, and trigger point dry needling of the hamstring and adductor magnus 

muscles.11

Eccentric strengthening is currently the most commonly accepted therapeutic exercise 

approach for the treatment of tendinopathy.13,14,19 The beneficial effects of eccentric 

exercises have been attributed to the greater tendon load generated when compared to 

concentric exercises,30 increased collagen synthesis,14 decreased neovascularization,20 and 
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force fluctuations from tendon loading and unloading.24 Options for eccentric hamstring 

exercises include hamstring curl machines, reverse cable curls, weight-bearing hamstring 

curls on an exercise ball, reverse planks, kneeling “Norwegian” (or “Nordic”) leg curls, and 

standing single- or double-leg dead lifts. It is typically recommended that eccentric exercises 

for the treatment of tendinopathy be performed at a level sufficient for the individual to feel 

discomfort of the tendon.1,12,19,23 However, the majority of hamstring exercises focus on 

resisted knee flexion, whereas runners primarily rely on hip extension, moreso than knee 

flexion, to increase their speed.28,29 Our goal was to provide an eccentric hip extension 

exercise for PHT that would reproduce the patient’s typical tendon pain. In the present case, 

a patient who failed to initially respond to traditional eccentric exercises of the hamstring 

muscles was assigned an alternative exercise for the treatment of PHT that successfully 

improved his symptoms.

CASE DESCRIPTION

History

The patient was a 34-year-old, healthy man who had been participating in local triathlons for 

14 years. He noted an insidious onset of deep buttock pain localized to the right ischial 

tuberosity, which started about 4 weeks prior to the clinical evaluation. His pain was 

exacerbated by forward bending of the trunk with locked knees (he did not have pain with 

hip flexion when his knees were flexed), prolonged sitting on hard surfaces, and running, 

primarily at high-intensity, when his pain could be as high as 7/10 (where 0 indicates no 

pain and 10 is the worst pain imaginable). He denied any referred pain other than mild 

radiation to the right lateral hamstring when the pain was more intense. He tried non-

steroidal anti-inflammatories, without any significant relief. He denied numbness, tingling, 

weakness, bowel or bladder function changes, medication usage, recent or prior trauma, 

prior hamstring injuries, or prior history of stress fractures. He reported appropriate increase 

in his running and biking distances over the year, with no changes in footwear, bike setup, 

running surface, or intensity. He kept a training log indicating his daily mileage so that he 

was able to verify his recent training regimen. Weekly, his run mileage remained under 15 

mi (24 km), his bike mileage was less than 100 mi (160 km), and he swam less than 5000 m; 

there were no sudden increases in training intensity or volume over the last several months. 

On presentation, he was able to run about 30 seconds before the onset of pain.

The Victorian Institute of Sport Assessment-proximal hamstring tendons (VISA-H) is a 

patient-reported outcome measure that was developed and validated for evaluating pain, 

function, and sporting activity in patients with PHT.6 Briefly, the VISA-H consists of 8 

questions that ask about pain with activities and sport limitations related to PHT. Scores on 

the VISA-H range between 0 and 100, with a lower score indicating more pain and sport 

limitation. The minimal detectable change value for the VISA-H is approximately 4 points.6 

The patient presented with a VISA-H score of 23. TABLE 2 summarizes the patient’s signs 

and symptoms throughout his treatment course.
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Examination

The physical examination revealed that the patient was well developed, well nourished, thin, 

and in no acute distress. Pertinent positive examination findings included tenderness to 

palpation at the lateral aspect of the right ischial tuberosity that reproduced his pain, pain 

with a supine 1-legged bridge, a positive bent-knee test,5 and pain with end-range active hip 

extension with the knee fully extended. Negative exam findings included no pain with 

lumbar motion, no pain with hip range of motion performed with the knee flexed, no 

weakness, no asymmetry in deep tendon reflexes, negative seated slump test, negative 

straight leg raise test, negative sacroiliac and hip provocative maneuvers, negative single-leg 

hop test, no pelvic obliquity, and no leg-length discrepancy. He was able to perform 10 

single-leg squats on each leg without contralateral hip drop.

Musculoskeletal ultrasound (DC-8; Mindray Medical International Ltd, Shenzhen, China) 

was performed in the office, using a linear probe at a frequency of 12 MHz in long-axis 

orientation along the hamstring tendon at its insertion on the ischial tuberosity at a depth of 

2 cm. The patient was in a prone position with the lower limbs relaxed. Previous literature33 

has suggested using a 6- to 10-Hz probe, but the patient was quite thin, with a body mass 

index of 19 kg/m2, and good resolution was obtained when using the higher frequency. The 

probe was used to scan the length of the tendon. Notably, there was a thicker appearance 

with a more heterogeneous texture of the right (symptomatic) tendon compared to the left 

tendon at the site of pain over the conjoint hamstring tendon at its insertion at the ischial 

tuberosity. There was no insertional fluid or evidence of tearing noted at the ischial 

tuberosity, nor were there signs of bursal involvement. The patient noted concordance 

between the location of pain and the location of the ultrasound probe during imaging 

(FIGURE 1).

Interventions

The patient was asked to stop running and was initially treated with a combination of 

weight-bearing and non–weight-bearing exercises. His initial program consisted of the 

following 2 exercises, performed 1 to 2 times daily, using controlled motions and a slow 

eccentric phase over approximately 5 seconds: seated hamstring curls on a weight machine 

(using 2 legs for the concentric and 1 leg for the eccentric portion of the exercise) and supine 

hamstring curls with feet on an exercise ball (starting with double-leg curls, with the goal of 

progressing to single-leg curls). The patient was instructed to perform the eccentric 

strengthening to the point of reproducing his typical tendon pain, as long as the pain was not 

progressively getting worse or disabling. Three sets of 15 repetitions were to be performed 

for each exercise.

The patient also performed 3 to 5 sets, once daily, of plank and side plank exercises, each 

held for 1 minute initially and progressing to 2 minutes, focusing on maintaining a neutral 

pelvis alignment. Finally, he was instructed in performing light hamstring stretching, short 

of the point of pain, for 3 minutes daily. He was also permitted to swim and cycle, as long as 

it was pain free; he performed these a few times a week without pain and upper-body 

resistance training once weekly. During this initial approach to treatment, which lasted 4 

weeks, the patient was seen twice by a therapist to correct minor errors in technique.
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After 4 weeks, the patient had only slight improvement in symptoms, despite good 

adherence to the program. His pain would return with any attempt at running that would 

occur during normal daily activities, such as catching a bus or playing with his children, and 

the pain intensity was unchanged at 7/10. He noted that the hamstring exercises never 

caused him pain, even when performed at maximal effort. Given the lack of changes in 

symptoms and the findings of the clinical exam, a repeat diagnostic ultrasound was not 

performed at this time. However, the options of performing magnetic resonance imaging, 

needle tenotomy, and/or a corticosteroid injection were discussed, but the patient preferred 

continuing with a nonsurgical approach to treatment.

Given the lack of progress, we devised a method of eccentric hamstring strengthening that 

the patient could perform with a standard treadmill. The patient faced backward on a 

treadmill set at a speed of approximately 0.5 mi (0.8 km) per hour. He was instructed to hold 

onto the rails with both hands, with his uninvolved stationary limb placed off of the belt, 

while maintaining a neutral pelvic position. The hip of the involved limb was then extended 

while maintaining the knee extended, and the foot was placed on the belt behind the patient 

(FIGURE 2A). The patient then resisted the belt as it pulled his foot and limb forward, while 

maintaining a neutral pelvic posture (FIGURES 2B and 2C). When providing active 

resistance to the movement of the belt, the patient’s familiar buttock pain was reproduced as 

his hip moved toward flexion. The patient was therefore instructed to provide enough 

resistance to reproduce his typical pain to a moderate level (a numeric pain rating of 

between 4 and 6 on a 11-point scale) during exercise. He was also instructed to make sure 

that the pain did not get progressively worse or become disabling.

The patient immediately noted pain when performing this exercise, as compared to the lack 

of pain when performing the exercises assigned in the initial 4 weeks. He was instructed to 

perform this exercise 1 to 2 times daily for 3 sets of 12 to 15 repetitions. He was also asked 

to perform his plank exercises, progressing to contralateral single-leg/single-arm planks (eg, 

left arm on the floor and left leg raised off the floor) to be held for 30 seconds at a time and 

increasing to 60 seconds on each side. He also performed the double-leg, exercise-ball 

hamstring curls with the same number of sets and repetitions, progressing to unweighted, 

single-leg curls as an additional hamstring-strengthening exercise. He was permitted to do 

any of the other hamstring exercises and stretching, as an optional part of his regimen, but 

they were not mandatory.

OUTCOMES

THE PATIENT NOTED THAT THE PAIN began to decrease within 2 weeks of initiating 

the treadmill exercises, allowing greater patient-perceived force to be generated for an 

equivalent amount of pain (4/10). The speed of the treadmill remained unchanged. He 

reported performing the exercises once daily on most days for the prescribed amount of sets 

and repetitions; he did not do any of the prior exercises that had been prescribed as optional.

He was able to resume a gradual return to running starting 4 weeks after initiating the 

treadmill exercise, as his pain by that time was absent when performing maximal effort on 

the exercise. His return-to-run protocol consisted of increasing his running mileage by 0.5 
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mi (0.8 km) per day each week, starting at a distance of 0.5 mi at a speed 2 minutes per mile 

(1:15 per km) slower than his usual running pace (eg, he ran 0.5 mi per day in week 1, 1 mi 

[1.6 km] per day in week 2, 1.5 mi [2.4 km] per day in week 3, etc), with no running on 

consecutive days. He was also progressed in his strengthening regimen to single-leg 

hamstring curls on an exercise ball, while continuing his treadmill exercise and lumbopelvic 

musculature strengthening program.

Ultrasound imaging was repeated 8 weeks after the initial evaluation and showed a decrease 

in the tendon diameter, without tenderness from contact with the probe (diameter, 2.0 mm 

for the right tendon and 2.3 mm for the left tendon at the former site of pain). The ultrasound 

image (FIGURE 3) was obtained with a 12-MHz linear probe in the long axis of the 

hamstring tendon at a screen depth of 3.5 cm, with the patient prone and the lower limbs 

relaxed. Images of the conjoint tendon of the hamstring at the ischial tuberosity insertion 

were screen captured at approximately the same location on both sides of the patient. The 

measurement for the conjoint tendon thickness was taken over the ischial tuberosity at its 

thickest point on both sides.

On physical examination, the patient had significantly decreased tenderness to palpation of 

the proximal hamstring tendon, decreased pain with the aforementioned provocative 

maneuvers, and decreased report of pain with sitting (maximum, 2/10 intensity). He was 

able to begin speed training approximately 12 weeks after the initial examination, at which 

point his VISA-H score was 83 and he had complete resolution of the previously reported 

pain complaints with forward bending at the trunk or sitting. He continued to do the same 

eccentric hamstring exercise on the treadmill without change of form. One year after initial 

evaluation, the patient had not had a recurrence of pain, had a VISA-H score of 100, and had 

returned to competition 6 months earlier.

DISCUSSION

SUBSEQUENT TO A LACK OF POSITIVE response to 4 weeks of using flexed-knee, 

eccentric hamstring-strengthening exercises, we devised a simple method to exercise the 

hamstring muscles eccentrically while maintaining knee extension. The patient started 

improving within 2 weeks of initiating the eccentric exercise performed on a treadmill, and 

had complete resolution of symptoms and returned to full activities within 12 weeks. Our 

primary assumption to explain the difference in response to exercises is that the treadmill 

exercise enabled the patient to create sufficient force in the affected tendon to provoke pain 

during exercises,8,16 which has been suggested to be an important part of eccentric training 

for tendinopathy in other areas of the body.1,19

While the recovery of this patient was on the faster side of previously reported recovery 

times for injuries involving the proximal hamstring,2 it should be noted that the patient had 

already been performing 4 weeks of alternative strengthening exercises, which might have 

allowed a more rapid recovery than would otherwise be expected. The proposed treadmill 

exercise has the benefit of allowing the patient to titrate the force based on perceived pain 

during the exercise.1,19 Furthermore, the hamstring muscles were loaded in a body position 

that was functional for the patient, who commented that the strain felt on the tendon when 
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doing the exercise correlated with the point of pain during the running stride. Additionally, 

we believe that runners will strongly relate to this type of eccentric exercise, as it 

incorporates typical equipment associated with running: a treadmill.

One limitation of this case is the absence of magnetic resonance images, which the patient 

declined due to cost. Magnetic resonance imaging has been found to be more sensitive than 

ultrasound for diagnosing PHT.33 Though the measurement of distance with ultrasound has 

been demonstrated to be accurate,21,27 identification of tendon thickening requires a 

comparison (either the contralateral side or a re-evaluation at a later time). Though the 

unilateral nature of the patient’s symptoms allowed for a subjective contralateral comparison 

and the location of pain could be used as a landmark, the identical location on the 

asymptomatic side was difficult to identify. Similarly, once the patient became symptom 

free, a later comparison at the identical location was difficult to identify with ultrasound and 

was based on the best approximation of the ultrasonographer. In standard practice of 

musculoskeletal ultrasonography, bilateral comparisons are performed by creating a 

screenshot image that best represents the mirror image of the contralateral side by using 

bony landmarks. There are limitations to this method, because individuals may have bony 

abnormalities (ie, bone spurs) that create variations in side-to-side bony landmarks. 

However, this method reflects the best standards of practice in ultrasound imaging.

We stress the importance of appropriate lumbopelvic posture in this method and recommend 

the concomitant use of lumbopelvic-strengthening exercises, with additional potential 

benefit from soft tissue mobilization or massage. Our patient did not demonstrate sciatic 

nerve symptoms, which might have changed our treatment plan and should be monitored 

throughout the course of treatment. Additionally, our patient demonstrated no hip abductor 

strength deficits, which should also be considered in the initial biomechanical evaluation of 

the patient. The patient in this case was highly motivated, which is a requirement for such a 

time-intensive therapy.

CONCLUSION

THIS CASE REPORT DEMONSTRATES the use of an alternative method for treatment of 

PHT using eccentric strengthening of the hamstring muscles, using a treadmill. Though our 

patient demonstrated significant improvement with our method, further study of this 

exercise in a larger population of patients with PHT is warranted before this approach can be 

recommended for implementation.
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FIGURE 1. 
Ultrasound images, performed at initial evaluation, of the proximal hamstring tendons near 

their insertion. The right side is the symptomatic side. Numbers 1 and 2 reflect the width of 

the tendon for the right (3.2 mm) and left (1.9 mm) limbs, respectively. Abbreviations: CHT, 

conjoined hamstring tendon; IT, ischial tuberosity.
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FIGURE 2. 
Eccentric hamstring-strengthening exercise using the treadmill. The treadmill is turned on to 

a slow speed, with the individual facing backward on the treadmill while holding on to the 

hand rails. The support side (the left leg, in this case) is placed off of the treadmill belt. (A) 

The involved leg (the right leg, in this case) is extended at the hip while keeping the knee 

mostly extended, and the individual is instructed to resist the forward motion of the belt with 

the leg. (B) The involved leg continues to actively resist the motion of the belt. (C) The 

involved leg continues to resist the belt before being repositioned to the starting point in (A).
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FIGURE 3. 
Ultrasound images, performed at 8 weeks after initial examination, of the proximal 

hamstring tendons near their insertion. The right side is the symptomatic side; the widths of 

the 2 tendons are similar. Abbreviations: CHT, conjoined hamstring tendon; IT, ischial 

tuberosity.
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TABLE 1

Common Symptoms and Physical Examination Findings With Proximal Hamstring Tendinopathy

Symptoms Physical Exam Findings

Pain with trunk forward bending (passive hip flexion and knee extension) Tenderness around the area of the ischial tuberosity

Localized pain in the area of the ischial tuberosity with prolonged sitting Positive Puranen-Orava test

Referred pain down the posterior thigh, sometimes past the knee Positive bent-knee stretch test

Pain with active hip extension and often knee flexion Positive modified bent-knee stretch test

Pain worse with running Positive supine 1-legged bridge (supine plank) test
Excessive anterior pelvic tilt
Possibly a positive seated slump test
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TABLE 2

Signs and Symptoms Over Time*

Initial Presentation

After Initial 
Intervention (Week 

4)

After 4 Weeks of 
Treadmill Exercise 

(Week 8)

After 8 Weeks of 
Treadmill Exercise 

(Week 12)

Pain score with running (0–10) 7 7 0 0

Pain with sitting Present Present Absent Absent

Tendinopathy seen on ultrasound Present ... Absent ...

VISA-H score (0–100)† 23 23 ... 83

Running distance until onset of pain 100 m 100 m 1 km, no pain 5 km, no pain

Able to participate in interval training No No No Yes

Abbreviation: VISA-H, Victorian Institute of Sport Assessment-proximal hamstring tendons.

*
The patient was treated using flexed-knee eccentric hamstring exercises from weeks 0 to 4, followed by an eccentric exercise performed with a 

treadmill starting at week 4.

†
A score of 100 represents no impairment.

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 October 21.


