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ABSTRACT
Study Design: Case report: differential diagnosis and clinical decision making

Background and Purpose: Young adults with lateral hip pain are often referred to physical therapy (PT). A thorough 
examination is required to obtain a diagnosis and guide management. The purpose of this case report is to describe 
the physical therapist’s differential diagnostic process and clinical decision making for a subject with the referring 
diagnosis of trochanteric bursitis.

Case Description: A 29-year-old female presented to PT with limited sitting and running tolerance secondary to right 
lateral hip pain. Her symptoms began three months prior when she abruptly changed her running intensity and 
frequency of weight bearing activities, including running and low impact plyometrics for the lower extremity. Physi-
cal examination revealed a positive Trendelenburg sign, manual muscle test that was weak and painless of the right 
hip abductors, and pain elicited when performing a vertical hop on a concrete surface (+single leg hop test), but 
pain-free when performing the same single leg hop on a foam surface. Examination findings warranted discussion 
with the referring physician for further diagnostic imaging.

Outcomes: Magnetic resonance imaging revealed a focus of edema in the posterior acetabulum, suspicious for an 
acetabular stress fracture. The subject was subsequently diagnosed with an acetabular stress fracture and restricted 
from running and plyometrics for four weeks.

Discussion: Thorough examination and appropriate clinical decision making by the physical therapist at the initial 
examination led to the diagnosis of an acetabular stress fracture in this subject. Clinicians must be aware of symptoms 
and signs which place the subject at risk for stress fracture for timely referral and management. 

Level of evidence: 4
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INTRODUCTION/BACKGROUND AND 
PURPOSE
Lateral hip pain, more recently termed greater 
trochanteric pain syndrome (GTPS)1 is a common 
orthopaedic problem that affects 1.8 patients per 
1000 annually.2,3 GTPS is estimated to affect between 
10%-25% of the population in industrialized societ-
ies and is 3-4 times more likely to affect females.3 
GTPS usually presents as intermittent pain over the 
buttock and/or lateral aspect of the thigh that is exac-
erbated by lying on the affected side, standing for 
prolonged periods of time, sitting with legs crossed, 
climbing stairs, running, or other high impact activi-
ties.3,4 Patients with GTPS usually have lateral hip 
pain, tenderness over and around the greater tro-
chanter, pain at end-range hip rotation, abduction or 
adduction, pain with resisted hip abduction, and a 
positive Patrick-FABER test.3 Segal et al1 found that 
the prevalence of GTPS is associated with female 
gender, obesity, iliotibial band tenderness, knee 
osteoarthritis or knee pain, and low back pain.

Patients with lateral hip pain are often referred to 
physical therapy (PT) with a diagnosis of GTPS or 
trochanteric bursitis. Although often used inter-
changeably, trochanteric bursitis distinctly describes 
a localized inflammation of one or more bursae over-
lying the greater trochanter4 with erythema, edema, 
and rubor,3,4 that is uncommon in patients with lat-
eral hip pain.3 Most commonly, GTPS is related to 
gluteus medius tendinosis.5 

Although GTPS is more prevalent between the 
fourth and sixth decades of life,3 it can be seen in 
active young adults.6 Young adults (18-35 years old) 
with hip pain often present with non-specific symp-
toms and vague findings from the history and physi-
cal examination7,8 which may lead to a misdiagnosis 
of GTPS or trochanteric bursitis.

Differential diagnosis of lateral hip pain can be chal-
lenging, even to experienced hip surgeons and diag-
nosticians, particularly in young adults.8,9,10 The list 
of competing diagnoses is outlined in Table 1.8,11,12 
Several case reports have been published demon-
strating misdiagnoses of GTPS. Wakeshima and 
Ellen13 reported on a subject with a giant cell carci-
noma in a young athletic woman who was diagnosed 
with GTPS and treated in PT for nine months. Fur-

ther, a non-displaced, complete femoral neck frac-
ture was found in a 46-year-old male recreational 
runner who was treated with two separate episodes 
of PT for GTPS.14  

The possibility of a stress fracture at the hip and 
pelvis as a source of lateral hip pain should be 
ruled out hastily because appropriate treatment is 
required to prevent further complications, such as 
complete fracture(s) and avascular necrosis.8 Young 
adults who are involved in sports or recreational 
activities that require repetitive movement patterns 
may be predisposed to stress fractures due to cumu-
lative stress placed on the hip joints. Bruist et al15 
reported running related injuries occurring in 25.9% 
of novice and recreational runners (n=629) over an 
eight-week training period. They also found females 
with higher body mass index and lack of running 
experience were most at risk for running related 
injuries.15 Runners who abruptly increase the inten-
sity, frequency, and/or duration of activity are 
also at higher risk for stress fractures involving the 
hip.12 Other risk factors for stress fractures include 
muscle-tendon imbalance involving the strength 
ratio between agonist and antagonist hip muscles,16 
poor footwear, training on uneven surfaces, female 
 gender, low bone mineral density, foot structure, leg 

Table 1. Differential diagnoses for lateral hip pain

Acetabular labral tear 

Stress fracture, dislocation, fracture, contusion 

Osteonecrosis, avascular necrosis 

Muscle strain/tear, ligament sprain 

Low back pain, sacroiliac joint dysfunction 

Snapping hip syndrome

Femoral acetabular impingement 

Bursitis 

Nerve entrapment syndrome 

Inflammatory disorders such as seronegative arthropathy, 
rheumatoid arthritis 

Infection 

Childhood disorders (Legg-Calve-Perthes Disease)

Metabolic disease 

Tumor 

Primary or secondary osteoarthritis 

Psychosocial factors 

Tendinopathy 
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length discrepancy, increased degree of hip external 
rotation, and the female athlete triad.17 Furthermore, 
hormonal factors, such as menstrual disturbance, 
age at menarche, use of oral contraceptive pills, and 
nutritional factors such as low calcium intake and 
eating disorders may also contribute to a higher risk 
of stress fracture.17,18

The purpose of this case report is to describe the 
differential diagnostic process and clinical decision-
making in a subject referred to PT with a diagnosis 
of right trochanteric bursitis.

CASE DESCRIPTION: SUBJECT HISTORY 
AND SYSTEMS REVIEW
A 29-year-old Caucasian female presented to PT 
with limited sitting and running tolerance secondary 
to right lateral hip pain. Onset of pain was approxi-
mately three months prior to her initial PT examina-
tion. After running on a treadmill at an 11-minute/
mile pace with 0% incline for 30 minutes, she 
changed her speed to an 8-minute/mile pace and 
experienced a “twinge” in her right lateral hip. For 
the next two months the subject continued to experi-
ence that same “twinge” in her right lateral hip, but 
increased her running frequency from one time per 
week to two times per week. At that time, she also 
began working with a personal trainer four times per 
week, which consisted of performing low impact ply-
ometric exercises for the lower extremity (LE). 

During the initial evaluation, the subject reported 
worsening right lateral hip pain that caused her to 
stop running two weeks prior. The subject com-
plained of deep aching, intermittent pain, and a 
“twinge” feeling rated 0/10 at best over the prior 
week, 2/10 during the evaluation, and 5/10 at worst 
on the Numeric Pain Rating Scale (0= pain-free; 
10=worst pain imaginable).19 A body chart outlines 
the location of pain (Figure 1). Pain was localized 
to her right lateral hip approximately five centi-
meters proximal to the greater trochanter. She was 
unable to sit for more than 30 minutes or run for 
more than two minutes without right lateral hip 
pain. She also reported lateral hip pain during tran-
sitional movements (scooting on bed, repositioning 
in a chair) that quickly subsided. Sleeping and lying 
supine provided some pain relief. In spite of her 
limitations, the subject scored a 72/80 on the Lower 

Extremity Functional Scale20 indicating a high func-
tional level.

At the time of the evaluation, daily medication 
included Desogestrel-Ethinyl Estradiol for birth con-
trol. A systems review for red flags was unremark-
able for unexplained weight loss/gain, unexplained 
weakness, fatigue, malaise, fever, sweating, chills, 
nausea/vomiting, numbness/tingling, night pain, 
or difficulty sleeping. She reported no history of 
fractures, eating disorders, amenorrhea, or calcium 
deficiency. Family and medical history were also 
unremarkable. The subject had not received diag-
nostic imaging or previous treatment for her current 
complaints and reported no history of back, knee, 
and ankle injury/pain. Laboratory tests including 
complete blood count and basic metabolic count 
administered two weeks prior to her initial visit were 
within normal limits. She reported limited social use 
of alcohol but denied smoking or drug use. Her job 

Figure 1. Body Chart detailing the location of pain in the 
right lateral hip area (gray shaded region) at the time of initial 
evaluation.
Patient complaint: Right lateral hip pain; Location: approxi-
mately 5.08 cm proximal to the greater trochanter.
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as a fundraising administrator was unaffected per 
her report. The subject’s goals included decreasing 
pain and returning to her workout activities as soon 
as possible to prepare for her upcoming wedding 
that would be in the next two months.

Clinical Impression #1
Based on the subjective history, the subject’s right 
lateral hip pain was most likely due to overuse. 
She reported a change in running intensity prior to 
symptoms. In young adults, hip pain is often related 
to physical activity and overuse, and the inability to 
participate in the activity often leads these patients 
to seek medical attention.8 The authors were suspi-
cious of the subject’s chief complaints due to vague 
symptom description and aggravating factors. The 
subject consistently reported feeling a “twinge” and 
a deep ache in her right lateral hip that she randomly 
experienced throughout the day along with running 
and weight bearing activities, such as lunges and 
squats. This led the authors to suspect intra-articular 
hip pathology, including but not limited to, femo-
ral acetabular impingement (FAI), acetabular labral 
tears, and chondral and osseous lesions. 

Intra-articular hip pathology is often reported as lat-
eral hip pain21 that can be worse with running and 
sitting.22 The results of research have demonstrated 
that the lack of groin pain helps rule out the potential 
for acetabular labral tear and FAI with a sensitivity 
ranging from 96-100%.23 Further, the subject lacked 
clicking, catching, or snapping, which are often cues 
indicative of intra-articular pathology and external 
snapping hip.24,25 Finally, individuals with hip joint 
stress fractures typically report a gradual onset of 
worsening hip, thigh, or groin pain that is described 
as a deep ache, aggravated by weight bearing, and 
partially relieved by rest.18,26 

In those with hip joint pain, it is suggested that 
imaging be ordered to rule out serious pathology, 
such as cancer, osteonecrosis, or fracture.27 For 
other intra-articular hip pathology, imaging is not 
recommended until a bout of conservative care is 
attempted.27 Due to the subject’s young age and unre-
markable past medical and family history, systemic 
pathology causing her hip pain was unlikely. Thus, 
in this subject, the authors hypothesized that imag-
ing would be needed immediately only if a  fracture 

was  suspected after the physical examination. By 
restricting the physical activities that aggravated 
her right lateral hip pain, including running and 
certain weight bearing activities, the subject found 
symptom relief, which is consistent with hip pain 
of mechanical origin. The subject’s report of pain 
and loss of function in the affected hip, which was 
severe enough to restrict her from physical activi-
ties, are also common complaints.8

However, as mentioned previously, several case 
reports have been published demonstrating misdi-
agnoses of GTPS.13,14 The subject’s subjective history 
findings warranted a detailed objective examination 
of the subject’s right hip joint in addition to screening 
the lumbar spine and sacroiliac joint to determine 
the source of symptoms and ensure proper diagnosis. 

EXAMINATION
The subject had a mesomorphic body type with a 
height of 1.52 meters and weight of 55.45 kilograms 
(body mass index= 24 kg/m2) taken at her physician 
appointment two weeks prior to her initial PT evalu-
ation. Posture assessment in standing revealed mild 
bilateral genu varum, but otherwise unremarkable. 
Gait assessment on level surface revealed increased 
bilateral trunk rotation and a positive Trendelen-
burg sign during right LE stance time without repro-
duction of the subject’s symptoms. Functional task 
assessment on level surface included repetitive bilat-
eral squats to 45 degrees of knee flexion and bilateral 
squat jumps to 45 and 90 degrees of knee flexion with-
out reproduction of symptoms. Repetitive right single 
leg (SL) hops on a concrete surface reproduced her 
right lateral hip pain while repetitive right SL hops on 
a two-inch foam surface were pain-free. After, a right 
lateral lunge reproduced mild right lateral hip pain. 
Finally, deep palpatory pressure to the area approxi-
mately five centimeters proximal and posterior to the 
tip of the greater trochanter was severely tender and 
provoked the subject’s symptoms. Additional physi-
cal examination findings are presented in Table 2. 
Namely, range of motion (ROM) of the lumbar spine 
and hip and special tests of the hip were negative for 
pain and were within normal limits. 

Clinical Impression #2
The subject presented with multiple symptoms and 
signs that were suspicious for a stress fracture. The 
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Table 2. Physical examination fi ndings

Objective Assessment Findings 

Single leg stance for 30 seconds28 Able to perform and pain-free bilaterally 

ROM:29

-Lumbar spine 
-Hip 

-Knee 
-Ankle 

Within normal limits 
Within normal limits (External rotation 90  
   degrees bilaterally) 
Within normal limits 
Within normal limits 

-Core endurance (measured via front plank) 

Force generating capacity (measured via 
MMT):30

-Hip 
    Flexion 
    Abduction 
    External rotation 
    Internal rotation 
-Knee 
-Ankle 

One minute; stopped due to fatigue 

4-/5 bilaterally pain-free 
3+/5 R, 4-/5 L, pain-free 
4-/5 bilaterally, pain-free 
4-/5 bilaterally, pain-free 
Within normal limits 
Within normal limits 

Joint mobility: 
-Lumbar spine 
    Central and unilateral anterior glide31

-Hip 
    Posterior, anterior, inferior, lateral glide32

Within normal limits 

Within normal limits 

Special tests 
-Sacroiliac joint33,34

    Compression 
    Distraction 
    Sacral spring 
    Gaenslen 
    Thigh thrust 
-Hip joint35

   Active straight leg raise  
   FABER 
   FADIR 
   Scour 
   Patellar-Pubic Percussion test36,37

   External Derotation test28

All negative 

All negative 

Palpation 
-Greater trochanter 
-Tensor fasciae latae 
-Iliotibial band 
-Anterior superior iliac spine 
-Gluteus maximus 
-Piriformis 
-Adductor muscles 
-Lumbar paraspinals 

All pain-free 

ROM= range of motion 
MMT= manual muscle test 
R= right 
L= left 
FABER test= Flexion, abduction, external rotation  
FADIR test= Flexion, adduction, internal rotation 
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subject was a female who abruptly changed the 
frequency, duration, and intensity of her workout 
routine. Further, she reported a deep ache that grad-
ually worsened in her hip, which was aggravated by 
high impact weight bearing activities and relieved 
by rest. These are all common in the presentation of 
those with stress fractures.18,26 Regarding the physical 
examination, the primary positive findings included 
a positive Trendelenburg sign, positive SL hop test 
on concrete surface (though negative hop test on 
foam surface), weakness of the right hip abductors, 
and significant palpable tenderness proximal and 
posterior to the greater trochanter that reproduced 
the subject’s pain. A positive hop test, (report of pain 
when hopping on the injured leg), in conjunction 
with a Trendelenburg and gluteus medius weakness, 
increases the likelihood of an undisplaced stress 
fracture.16,38 The authors suspected that the concrete 
surface resulted in a higher load on the musculo-
skeletal system with higher ground reaction forces 
and peak load rates39 as well as poorer attenuation 
of pressure in comparison to the foam surface.40,41 
Given the weakness of the gluteus medius in the 
involved leg, it would seem plausible to assume 
that the muscle would fatigue faster, decreasing the 
shock absorption capabilities of the musculoskeletal 
system18 increasing force transmitted to bone, and 
thus increasing risk of stress fracture.42,43,17 Further, 
fatigue of the gluteus medius has been shown to 
alter landing kinematics of the hip.44 The deep palpa-
tory pain the subject experienced was similar to the 
findings in a subject with a femoral stress fracture.9 
This may have been an area of increased hyperalge-
sia related to a fracture or palpation of a bursa that 
reproduced her pain.45 Interestingly, the subject had 
pain-free ROM of the hip and all special tests about 
the hip were negative. According to Kovacevic et al,38 
this is not uncommon in those with stress fractures 
around the hip.

According to Williams and Cohen,3 tenderness over 
the gluteus medius muscle and a positive Trendelen-
burg test, along with weakness of the hip abductors, 
may be indicative of gluteal tendinopathy or gluteus 
medius muscle dysfunction. Although these find-
ings were present, the authors would have expected 
more pain when the subject landed on an unstable 
surface. Electromyographic analysis of the gluteus 

medius has shown increased activity during weight 
bearing activity on unstable surfaces.46 Thus, a diag-
nosis of gluteus medius muscle dysfunction was 
possible but seemed less likely.

There were multiple signs and symptoms that were 
not consistent with the initial physician diagnosis 
of trochanteric bursitis, or GTPS (Table 3). Although 
the subject was female and experienced lateral hip 
pain with running, her pain was not exacerbated by 
lying on the affected side, standing for prolonged 
periods of time, sitting with the affected leg crossed, 
or climbing stairs which usually occurs with GTPS.3,4 
Upon physical examination, the subject also did not 
have distinct tenderness over the greater trochanter, 
pain at end-range hip ROM, and pain with resisted 
hip abduction, all of which would have been indica-
tive of GTPS.3 In addition, the subject did not have 
erythema, edema, or rubor that would suggest tro-
chanteric bursitis.3,4 Therefore trochanteric bursitis 
and GTPS were less likely diagnoses. Based on the 
subjective and objective examination findings, con-
cerns were discussed with the subject and referral 
back to her physician was considered. 

INTERVENTION
On the day of the initial evaluation, the subject was 
instructed to avoid provocative activities including 
running, jumping, hopping, lunging, and other plyo-
metric activities to avoid further injury or joint com-
plications. Further, the subject was educated to wear 
shoes with improved shock absorption, such as gym 
shoes, as often as possible during any weight bear-
ing activity.

OUTCOME
The referring physician was contacted by the pri-
mary author (J.I.L.), but the subject was unable 
to make an appointment with the physician. Four 
days after the initial examination, the subject was 
seen by PT and reported no change in symptoms; 
however, the subject had begun wearing gym shoes 
more frequently instead of heels. The primary and 
tertiary authors re-assessed the subject’s right lat-
eral hip pain, and again, her symptoms were repro-
duced with right SL hopping on concrete surface and 
relieved when hopping on two-inch foam surface. 
The subject was instructed to not participate in her 
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normal workout routine and avoid running and high 
impact LE activities. The referring physician was 
again contacted. The subject was ultimately seen by 
her physician one week later. The authors recom-
mended magnetic resonance imaging as it has dem-
onstrated 95% sensitivity in detecting fractures47 
and is considered by many to be the gold standard 

for diagnosing stress fractures.48,49 Radiographs of the 
hip and pelvis, however, were initially ordered and 
were unremarkable (Figure 2). The referring physi-
cian was contacted to discuss the need for further 
diagnostic imaging due to the sensitivity of plain 
radiographic film being as low as 15% in diagnos-
ing stress fractures.9 A T2-weighted MRI was ordered 

Table 3. Common risk factors, subjective and objective fi ndings, and general intervention for greater trochanteric pain 
syndrome and hip stress fracture, and the fi ndings for the subject of this case report.

GTPS Hip Stress Fracture Findings in this Case Report 

Risk factors 

Female gender, obesity, knee 

osteoarthritis or knee pain, iliotibial 

band tenderness, and low back pain1, 

40-60 years of age3

Training errors (high mileage, high 

intensity, abrupt change in training 

program, footwear, training surfaces), 

female gender, low bone mineral 

density, female athlete triad (disordered 

eating, amenorrhea, osteoporosis)17,18

Abruptly changed frequency, duration, 
and intensity of workout routine, female 
gender 

Pain description Achiness, stiffness of lateral hip1 Ache18 ehcapeeD

Mechanism of injury Often insidious, chronic, intermittent3,4 Gradual onset, abrupt change of 

activity12

Gradually worsening after abrupt 
change in workout 

Aggravating factors 

Lying on the affected side, prolonged 

standing, sitting cross-legged, climbing 

stairs, running, high impact activities3,4

Repetitive training, weight bearing,26 

activity-related pain18 High impact weight bearing activities 

Alleviating factors tserybdeveileryllaitraPtseR 26 Rest 

Objective measures 

Pain and/or weakness with resisted hip 

abduction3 srotcudbapihthgirfossenkaeW

Tenderness around greater trochanter3 Focal tenderness, swelling, and 

erythema18

Significant palpable tenderness 
proximal and posterior to greater 
trochanter 

Pain at end-range hip ROM3 Normal hip ROM38; pain at extreme 

end-range internal or external rotation26 Pain-free hip ROM 

Trendelenburg sign3 Antalgic gait18 ngisgrubnelednerTevitisoP

tsetpohropatleehevitisoP 18 Positive SL hop test on concrete surface 

ecafrusmaofnotsetpohLSevitageN

Special tests 
Positive FABER3 Positive patellar-pubic percussion 

test36,37 Negative FADIR, FABER, hip scour 

Negative patellar-pubic percussion test 

General intervention 

Conservative treatment (nonsteroidal 

anti-inflammatory drugs, ice, weight 

loss, physical therapy, behavior 

modification)3

Varies from surgical intervention to 

relative rest17, 18

Conservative: patient to avoid running 

and high level LE plyometrics. Weight 

bearing as tolerated for four weeks 

GTPS= greater trochanteric pain syndrome; ROM= range of motion; SL= single legged; FABER test= flexion, abduction, external rotation; FADIR 

test= flexion, adduction, internal rotation; LE= lower extremity.  
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and revealed a focus of bony edema in the posterior 
acetabulum, just deep to the cortex of iliopectineal 
line which was suspicious for a stress fracture (Fig-
ure 3). A staff radiologist confirmed that there was 

marrow edema present in the acetabulum suggest-
ing a stress injury. 

The subject followed up with an orthopedic physi-
cian who gave her the diagnosis of acetabular stress 
fracture and advised her to avoid running and high 
level LE plyometrics. Since she was asymptomatic 
with walking and was to be married in a month, she 
was instructed to weight bear as tolerated (WBAT) for 
four weeks. One year later the subject reported that 
she had returned to her normal activity of running 
one to two times per week for 30 minutes without 
problems, but was no longer doing plyometrics. She 
was functioning throughout the day without pain. 

DISCUSSION
This case described the clinical decisions and diag-
nostic process used by the physical therapist in a 
subject with lateral hip pain. The subject was origi-
nally referred to PT by her primary physician for 
trochanteric bursitis. However, several indicators 
suggested the diagnosis of a stress fracture in her 
hip region as a source of her symptoms and activity/
participation restrictions. Namely, the subject was a 
female who abruptly increased her weight bearing 
activity intensity, frequency and duration. Accord-
ing to Nelson and Arciero18 one of the most common 
risk factors in the development of stress fractures is 
training errors, including high mileage, high inten-
sity, or an abrupt change in the training program, 
which the subject in this case reported. The objec-
tive finding of a positive SL hop test on concrete sur-
face and negative on foam also raised the authors’ 
suspicion of a stress fracture. 

This subject had normal hip ROM, negative special 
tests of the hip including hip scour, FABER, FADIR, 
and a negative patellar-pubic percussion test (PPPT). 
It has been noted that normal hip ROM in those with 
femoral stress fractures is not uncommon.38 The PPPT 
is an application of osteophony performed with the 
subject supine and the bell of the stethoscope placed 
on the pubic symphysis, held in place by the subject. 
The subject’s legs are positioned symmetrically while 
the clinician stabilizes the patella. The clinician per-
cusses the patella and compares the sounds from each 
leg for differences in pitch and loudness. In the case 
of bone pathology, the affected side will have a duller, 
diminished sound as compared to the unaffected 

Figure 2. Radiograph of the right hip, unremarkable. 

Figure 3. MRI of bilateral hips (transverse cut) revealing a 
focus of bony edema in the posterior acetabulum, just deep 
to the cortex of the iliopectineal line, suspicious for a stress 
 fracture.
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side.50 The PPPT previously described by File36 has 
been shown to be 96% sensitive and 86% specific in 
detecting femoral neck fractures due to trauma.37 The 
negative results in the current subject are likely due 
to the fact that she had an acetabular stress fracture. 
Otherwise, the authors are unaware of any reliability 
or validity data on any of the above-mentioned tests in 
regards to stress fractures about the hip.

There is a paucity of literature on the clinical pre-
sentation of acetabular stress fractures. In a study 
of 178 Navy and Marine Corps endurance athletes 
presenting with hip pain related to physical activity, 
only 12 subjects, or 6.7% had MRI findings consistent 
with acetabular stress fractures.43 The current sub-
ject presented similarly to a case report published 
by Thienpont and Simon51 in a 26 year old female 
professional ballet dancer diagnosed with an acetab-
ular stress fracture. Both subjects of similar ages had 
right hip pain for a duration of three months, a posi-
tive right Trendelenburg test, and normal hip mobil-
ity. Though both subjects were successfully treated, 
the ballet dancer was instructed in six weeks par-
tial weight bearing with crutches; the subject in the 
current case study remained WBAT for four weeks 
while reducing her high impact activities. 

Common sites of stress fractures associated with 
physical activity are listed in Table 4 with the tibia 
and femoral shaft as the most common sites of stress 
injury in runners.52 Stress fractures of the acetabulum 
are extremely rare, but can occur in individuals who 
participate in repetitive training in which large forces 
pass through the hip joint.26 According to Datir et al,52 
60% of stress injuries occur in the proximal femur and 
40% occur in the pelvis. Among the stress injuries in 
the pelvis, 49% are located in the inferior pubic ramus, 
41% in the sacrum, 4% in the superior pubic ramus, 
4% in the iliac bone, and 1% in the acetabulum.52 

Ultimately, to confirm suspicious findings indica-
tive of a stress fracture, diagnostic imaging is rec-
ommended.52,53 Radiographs are usually the initial 
technique used to investigate stress fractures52,18 
because they can detect periosteal bone reaction, 
cortical lucency, callus formation, or a fracture line 
that are typical findings of stress fractures.18 Upon 
suspicion of a stress fracture, the authors referred the 
subject back to her physician for further imaging to 

rule in/out a fracture. Radiographs were negative for 
fracture in this subject. However, radiographs have 
poor sensitivity with detection rates as low as 15%52 
and may be normal even after several months since 
the onset of symptoms,18 which became apparent in 
this case. Williams et al43 report that the sensitivity 
of radiographs is 15-28% in detecting pelvic stress 
fractures. Furthermore, only 50% of stress fractures 
may be evident on plain radiographs.18 Bone scin-
tigraphy is more sensitive in detecting stress inju-
ries than radiography, but has poor specificity and 
provides poor anatomic detail.8,52 Therefore, bone 
scintigraphy is commonly used to evaluate systemic 
symptoms indicative of bone and joint disease, 
rather than to evaluate a single joint.8 When radio-
graphs revealed normal findings in our case, the 
referring physician was contacted by the primary 
author to determine the need for further diagnostic 
imaging, and ultimately, an MRI was ordered. MRI is 
considered the gold standard diagnostic tool for eval-
uating stress fractures.8,18,52 It is the most sensitive 
and specific imaging technique for detecting patho-
physiological soft tissue, bone, and marrow changes 

Table 4. Sites of stress fracture associated with physical 
activity

Adapted and used with permission from: Datir AP, Saini A, 
Connell A, Saifuddin A.Stress-related bone injuries with emphasis 
on MRI. Clin Radiol. 2007;62:828-83652, pg829   

Activity Common sites of stress fracture
Femur: neck and shaft
Tibia: plateau and shaft
Fibula
Pubic ramus
Metatarsal
Calcaneus

Sprinting Navicular
Pubic ramus
Femur: neck
Tibia: shaft
Fibula
Metatarsal
Sesamoid bones of the foot

Pole vaulting Talus
Pars Interarticularis
Ulna
Pars Interarticularis
Humerus
Olecranon
Ulna

Dancing Metatarsal
Rowing/Golf Ribs

Racquet sports/throwing

Ballet

Military marching

Long-distance running

Gymnastics
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associated with stress injuries about the hip.8,52 The 
high sensitivity of MRI also has the ability to detect 
early bone marrow edema, which is the diagnostic 
feature of the stress response.43,52

The importance of identifying stress fractures quickly 
is critical for appropriate management. While infor-
mation is lacking in regards to acetabular stress frac-
tures, authors have noted a delay in diagnosis of 
femoral neck stress fractures leading to a high com-
plication rate.54,55,56 Thus, to ensure quick and safe 
recovery, appropriate diagnosis is necessary.

CONCLUSION
This case report describes the differential diagnosis 
and clinical decision making process used with an 
individual with undiagnosed acetabular stress frac-
ture. Physical therapists should conduct a thorough 
examination to ensure appropriate management of 
the subject occurs. Although pelvic and acetabular 
stress fractures are rare, physical therapists should 
be aware of symptoms, signs, and risk factors that 
may suggest a stress fracture. In this case, the subject 
was a female who abruptly intensified a weight bear-
ing workout routine and had pain with weight bear-
ing activity, relieved by rest. Pain elicited by hopping 
on a firm surface, pain-free hopping on a foam sur-
face, a positive Trendelenburg sign, and weakness in 
hip abduction were key examination findings.
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ABSTRACT
Background and Purpose: Movement dysfunction in the trunk and lower extremity (e.g., apparent hamstring tight-
ness) may produce pain, as well as decrease range of motion, function, and performance in athletes. Novel treatments 
not frequently studied in the literature, such as Total Motion Release® (TMR®) and instrument-assisted soft -tissue 
mobilization (IASTM), have anecdotal claims of immediate, gross gains of mobility that far exceed conventionally 
reported results. The purpose of this case report was to examine the efficacy of TMR® in treating an apparent tissue 
tightness/extensibility dysfunction and to determine if IASTM would improve outcomes if TMR® techniques failed to 
produce maintained improvement. 

Case Description: A 27-year old former competitive speed walker presented with a chronic history of bilateral pain 
and posterior leg tightness. The patient met the criteria for diagnosis of a bilateral tissue extensibility dysfunction in 
the posterior lower extremity and was treated with TMR® and IASTM (Técnica Gavilán®; Tracy, California, United 
States).

Outcomes: After the first week of treatment, the patient increased her sit and reach by 5cm and her active straight 
leg raise (ASLR) by an average of 31.5° bilaterally. Following the second week of treatment, the patient experienced 
an additional increase in sit and reach and ASLR. At discharge, the patient displayed negative 90/90 Active Knee 
Extension, Tripod, and Slump tests bilaterally, normalized ASLR and a resolution of her complaints. Follow-up exami-
nations completed at one month and three months post-discharge indicated maintenance of the outcomes without 
any additional interventions.

Discussion: The subject in this case report demonstrated the potential use of TMR® in classifying apparent ham-
string tightness and provided evidence to support the use of TMR® and IASTM in addressing mobility deficits associ-
ated with hamstring inflexibility/tightness. Based on these findings, clinicians should consider the use of TMR® to 
improve classification and treatment of patients with a chief complaint of hamstring “tightness.”

Level of Evidence: Level 4; single case report.

Key Words: Apparent hamstring tightness, tissue extensibility dysfunction, total motion release
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BACKGROUND AND PURPOSE
Tissue extensibility dysfunction (TED), joint mobil-
ity dysfunction (JMD), and/or stability motor con-
trol dysfunction (SMCD) in the trunk and lower 
extremity have been theorized to produce pain, as 
well as decrease range of motion (ROM), function, 
and performance in athletes.1-3 A variety of poten-
tial causes, including muscular inflexibility,1 muscu-
loskeletal injury,4,5 loss of normal neurodynamics,6 
or neuromuscular protection patterns1 may result 
in a patient presenting with decreased mobility at 
the trunk and hip. A clinician should be able to effi-
ciently identify the underlying cause of the patient’s 
reduced mobility, dysfunction, and/or pain to best 
match the appropriate intervention to presentation 
of the individual patient. 

Several clinicians (e.g., Mulligan7, Dalonzo-Baker8) 
suggest that rapid and immediate changes in many 
clinical signs and symptoms may occur when “appar-
ent hamstring inflexibility/tightness” is found during 
clinical examination. The reported anecdotal expecta-
tions of these clinicians, however, far exceed what can 
be expected if “true” muscular tissue tightness is pres-
ent.7,8 Thus, the classification of “apparent hamstring 
inflexibility/tightness” is used when a patient presents 
with positive findings using traditional evaluative mea-
sures (e.g., 90/90 Active Knee Extension Test, etc.), but 
does not have “true” tissue length/extensibility as the 
root cause of the patient’s dysfunction. “True” tissue 
tightness would only be considered when a length defi-
cit resulting from an inability of tissue to appropriately 
elongate/extend10 is present and this condition should 
require a tissue remodeling intervention for resolu-
tion. Given the range of possible causes of conditions 
that present as apparent muscular tightness/extensi-
bility dysfunction, it is not surprising that intervention 
and injury surveillance research has produced such 
disparate and contradictory results.10-14 Although the 
underlying mechanisms resulting in apparent ham-
string tightness/extensibility dysfunction are not well 
understood, the possibility2,7,8 of immediate, gross gains 
of mobility that far exceed conventionally reported 
results using interventions designed to increase tissue 
length/extensibility12-15 requires investigation.

Total Motion Release®
Total Motion Release® (TMR®) is a technique based 
on the assessment of asymmetry within the body.16 

Tom Dalonzo-Baker, the founder of TMR®, has sug-
gested that whenever apparent hamstring tightness 
exists, forward trunk flexion with rotation should be 
tested both with the feet together and the feet apart 
(Figure 1-3).17 The TMR® forward flexion trunk twist 
(FFTT) technique for hamstring tightness may be 
performed in either a standing or long-sitting posi-
tion.8 The technique requires the patient to forward 
bend with feet together and then rotate the trunk to 
the right and to the left while identifying the “good 
side” (e.g., side with more motion, smoother motion, 
less pain). The patient grades each side using a 0-100 
scale, where 0 = “no problems at all” and 100 = “the 
worst”.8 Once the “good side” is identified, the patient 
is then asked to do 10 rotation repetitions to the good 
side to end range of motion or to hold the rotation 
at the terminal range of motion for 20-30 seconds. 
During the repetitions, the patient is asked to release 

Figure 1. Total Motion Release® Hamstring Technique feet 
together starting position.
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what he/she feels is preventing further motion (e.g., 
bending one knee, extending the trunk to finish the 
rotation) whenever resistance is experienced during 
the movement. The patient completes this move-
ment/exercise in sets (e.g., two sets of 10 repetitions, 
two sets of 20 second isometric holds), while re-
checking their primary complaint after completing 
the exercise sets. Typically, the patient will continue 
to perform the TMR® movement/exercise until com-
pleting sets of the movement no longer improves the 
primary complaint (e.g., performing a “toe-touch”). 

After completing the initial treatment, the patient may 
be asked to test a more advanced motion in the TMR® 
system. The next motion test for the apparent ham-
string technique requires the patient to place the feet 
in a straddle position, several feet apart (e.g., shoul-
der width). The patient determines the “good side” by 
rotating the trunk to the left and right over each leg. 

After identifying the “best” out of the four motions, 
the patient performs the same treatment process (i.e., 
rotation until a barrier is felt and then the restricting 
motion segment is released to continue the motion). 

Following the completion of treatment, the patient 
should reassess his/her movement within the TMR® 
system (e.g., forward trunk flexion with rotation) and 
against the primary complaint (e.g., toe-touch). The 
expectation is that a dramatic increase in motion 
with a decrease in symptoms will occur; the change 
should far exceed what would be expected according 
to tissue remodeling theory typically employed with 
traditional interventions (e.g., static stretching). It is 
important to note that if neither of the TMR® motion 
tests demonstrate appreciable differences between 
sides on the 0-100 scale, then the patient would likely 
benefit from other interventions in lieu of the TMR® 
hamstring tightness techniques.8 If effective, the 

Figure 2. Total Motion Release® Hamstring Technique test-
ing trunk rotation to the right with feet together.

Figure 3. Total Motion Release® Hamstring Technique test-
ing trunk rotation to the right with feet apart.
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TMR® technique could not only serve as an effec-
tive intervention, but may also work as an effective 
screening tool used to identify patients who need 
an intervention that would work through a different 
mechanism of action (e.g. static stretching). 

Instrument Assisted Soft Tissue Mobilization
Instrument Assisted Soft Tissue Mobilization 
(IASTM) is a non-invasive technique that may be 
utilized in combination with TMR® when it appears 
tissue remodeling may be necessary to restore full 
function. Researchers have suggested that the use of 
IASTM initiates a healing cascade, reduces soft tis-
sue adhesion, mechanically mobilizes fascial tissues, 
and improves tissue healing.18-21 Most IASTM tech-
niques are performed statically, while the Técnica 
Gavilán® (Tracy, California, United States) method 
incorporates IASTM with movement and loading 
(e.g., stretching, muscular contraction) of the tissue 
being treated.22 In theory, using the Técnica Gavilán® 
method is beneficial to the healing process because 
it combines the benefits of mechanical load with 
therapeutic exercise during IASTM treatments.3,22

The purpose of this case report was to examine the 
efficacy of TMR® in treating an apparent tissue tight-
ness/extensibility dysfunction and to determine if 
IASTM would improve outcomes if TMR® techniques 
failed to produce maintained improvement. The case 
report was guided by three clinical research ques-
tions: 1) If a patient presents with apparent TED, 
will movement impairments be present in loaded 
and unloaded positions? 2) In this patient, did the 
TMR® FFTT hamstring tightness technique decrease 
the level of disablement as measured by the Numeric 
Rating Scale (NRS), goniometric active ROM mea-
surements, and special tests (i.e., standing flexion, 
sit and reach, 90/90 Active Knee Extension test, Tri-
pod test, and Slump test)? 3) In this patient, would 
the use of IASTM promote treatment effectiveness if 
the clinician perceives the effects of the basic TMR® 
FFTT hamstring technique had plateaued? 

CASE DESCRIPTION: SUBJECT HISTORY 
AND SYSTEMS REVIEW
The subject, a 27-year old former competitive speed 
walker, presented with a chronic history (over five 
years) of bilateral pain and posterior leg tightness, 
which included discomfort during activities of daily 

living (ADLs). She presented without any previous 
history of trauma or injury to her lower extremities, 
but had a previous lumbar spine pathology that had 
been resolved without recurrence for 10 years. The 
subject experienced tingling and pain through her 
posterior thigh during hamstring stretching activi-
ties, but these sensations did not progress below the 
knee. She also reported sensations of tightness and 
discomfort during ADLs which placed her posterior 
leg on stretch, but otherwise did not have any other 
complaints in the spine or lower extremity. She 
reported receiving various traditional treatments 
(e.g., thermal modalities, stretching) over the previ-
ous five years without improvement in her symp-
toms. The history portion of the exam did not reveal 
any red flag symptoms and the subject reported 
being otherwise healthy. The study was approved by 
the University of Idaho Institutional Review Board 
and the subject provided written consent for partici-
pation in the case study.

CLINICAL IMPRESSION #1
“True” hamstring tightness is commonly addressed 
using treatments focused on lengthening the soft tis-
sue (e.g., muscle, fascia, etc.). As the subject had not 
reported any previous improvement following tra-
ditional warm-up and stretching interventions, the 
cause of the subject’s chief complaint was hypoth-
esized to be a result of apparent (i.e., non-tissue 
length related) hamstring tightness/extensibility 
dysfunction. Further evaluation needed to be per-
formed to identify whether the subject could be clas-
sified with true versus apparent hamstring tightness 
based on traditional evaluation techniques.

EXAMINATION
Clinical evaluation did not reveal obvious deformity, 
erythema, edema, ecchymosis, and gait or postural 
abnormalities. Physical examination revealed pal-
pable tension in her posterior thigh/leg, but she did 
not report any other point tenderness in her spine, 
sacroiliac joint, or lower extremities. Active ROM 
assessment revealed decreased active straight leg 
raise (SLR) (61˚on left leg, 56˚ on right leg) bilater-
ally that produced pain rated 5/10 on the NRS. She 
reported the pain felt like a “burning” sensation and 
traveled from her proximal thigh to just proximal to 
her knee. Passive SLR assessment produced a firm 
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end-feel with equal ROM deficiency when compared 
to active ROM and the subject reported experienc-
ing the same pain (i.e., severity and patterning) dur-
ing testing. All other hip (i.e., abduction, adduction, 
extension, internal rotation, external rotation, and 
bent knee hip flexion) and ankle (i.e., dorsiflexion, 
plantarflexion, inversion, and eversion) ranges of 
motion were within normal limits actively and pas-
sively. The subject’s manual muscle tests (includ-
ing hip flexion, hip extension, hip internal rotation, 
hip external rotation, hip adduction, hip adduction, 
knee flexion, knee extension) were normal (5/5) 
bilaterally. Orthopedic special tests were negative 
for fracture, disc pathology, facet, and hip pathology; 
however the 90/90 Active Knee Extension (AKE), 
Tripod, and Slump Tests were positive bilaterally.

The subject also displayed a flexion limitation in a 
weight-bearing (i.e., standing multi-segmental flex-
ion) position and experienced pain with that move-
ment in her posterior thigh (i.e., approximately 

mid-thigh to just proximal to popliteal fossa). She also 
demonstrated a flexion limitation in a non-weight-
bearing (i.e., seated multi-segmental flexion) posi-
tion with a sacral angle of less than 70˚ (Table 1) and 
experienced pain with that movement in her poste-
rior thigh. The subject had normal, pain-free motion 
when pulling her knees to her chest (i.e., passive 
hip and lumbar flexion). When asked to perform the 
TMR® trunk twist to each side, the subject reported 
that it was much easier to twist to her right (thus, 
defined as the good side). Within the TMR® grading 
system, the subject rated her trunk twist to the right 
a 0/100 and the trunk twist to the left a 70/100. To 
further rule out other lumbar spine involvement, a 
second clinician, who had completed the McKenzie 
Mechanical Diagnosis and Therapy (MDT) diploma 
program, completed an MDT exam and cleared the 
lumbar spine for possible involvement. The lower 
quarter screen was also unremarkable. The subject 
reported a Patient Specific Functional Scale (PSFS) 
score of 4 out of 10. 

Table 1. Range of Motion Measurement Techniques and Procedures.
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CLINICAL IMPRESSION #2
The working clinical diagnosis was an apparent lower 
extremity TED based on the ROM measurements, 
special tests, and TMR® trunk twist assessments. As 
the subject’s complaints were consistent with the 
examination results and traditional treatments had 
failed to improve her symptoms previously, treat-
ment was focused on her movement asymmetry 
during the TMR® trunk twist assessment. It was the-
orized that utilizing TMR® to address the trunk twist 
asymmetry could assist in resolving any underly-
ing core SMCD and neural tension issues that may 
have been contributing to her dysfunction. Follow-
up time points were chosen, one and three months 
post-discharge.

INTERVENTION
After initial examination, a treatment protocol using 
only TMR® was performed by the same clinician dur-
ing the first week of treatment. The TMR® technique 
utilized has been suggested for use to address appar-
ent hamstring flexibility dysfunction.17 The interven-
tion began with a five-minute warm-up on a stationary 
bicycle at a set resistance followed by the completion 
of all measurements (Table 1). The TMR® FFTT tech-
nique utilized involved forward flexion trunk rota-
tions (1 set of 10 repetitions to end-range without an 
isometric hold) to the subject’s side with less restric-
tion with her feet next to each other and bent-over 
trunk rotations (1 set of 10 repetitions to end-range 
without an isometric hold) to the side with less restric-
tion with her feet shoulder width apart. On each rep-
etition, when resistance during the movement was 
felt, the subject was asked to release the body part/
segment she felt was preventing further motion (e.g., 
bending one knee, extending the trunk) to finish the 
rotation (Figure 4). All of her measurements were 
then reassessed. The subject was instructed to avoid 
any additional treatment (e.g., stretching, thermal 
modalities), but was otherwise not restricted from 
any activity. The TMR® treatment was applied three 
times on non-consecutive days during the first week 
as a means for addressing movement asymmetries/
dysfunction and required less than two minutes to 
complete. The subject was not given a home exercise 
program to complete between clinic visits and agreed 
to not perform any other interventions (e.g., stretch-
ing) while receiving treatment. 

The second week of treatment included a continua-
tion of the TMR® technique, followed by the appli-
cation of IASTM with movement to the hamstring 
(two minutes) and triceps surae (one minute) mus-
cle groups on each leg. When treating the hamstring 
muscle groups, the patient was placed in a supine 
position so that she could perform active-assistive 
hip flexion/extension through a pain-free ROM 
while the clinician applied the instruments. When 
treating the triceps surae muscle groups, the patient 
was placed in a prone position so that she could 
actively move her ankle through pain-free dorsi-
flexion/plantarflexion while the clinician applied 
the instruments. The IASTM application was added 
as an intervention to address potential true TED 
symptoms that appeared to be limiting maintained 
improvements from the third TMR® treatment (i.e., 

Figure 4. Example of the “knee release” when moving into 
end-range trunk rotation while performing treatment using 
the Total Motion Release® Hamstring Technique.
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Day 5 post-measurement to Day 8 pre-measure-
ment). During this week, the subject began with a 
five-minute warm-up on a stationary bicycle at a set 
resistance followed by the completion of all mea-
surements. The TMR® technique was then applied 
and all measurements were taken again. The IASTM 
technique was then applied and the measurements 
were completed a final time. All IASTM treatments 
were provided by a clinician who was certified by 
Técnica Gavilán® (Tracy, CA). The treatment proto-
col was also applied three times on non-consecutive 
days during the second week. Over the course of her 
care, all treatments and measurements were pro-
vided/collected by the same clinician. 

OUTCOMES
After the first week of treatment (TMR® only), the 
subject increased her sit and reach by 5cm and 
her SLR hip flexion by an average 31.5° bilaterally 
and a resolution of her complaints with ADLs as 
reported on the PSFS (Table 2). Following the second 
week of treatment (TMR® and IASTM), the subject 

 experienced an additional increase in sit and reach 
(5cm) and SLR hip flexion (7.5° bilaterally) (Table 3). 
Additionally, the subject displayed negative 90/90 
AKE, Tripod, and Slump tests bilaterally at discharge. 
Following the sixth treatment, 12 days after initial 
exam, the subject was discharged with normal ROM, 
a TMR trunk twist score of 0/100 in both directions, 
and a resolution of her complaints (i.e., PSFS score of 
10/10). Over the six treatments, the subject reported 
a five-point decrease in pain on the NRS, represent-
ing a change that exceeds the established standards 
for a minimal clinically important difference (MCID) 
of two points.26,27 Follow-up examinations were com-
pleted at one and three months post-discharge and 
indicated maintenance of the final measurements 
and a continued resolution of symptoms without any 
additional interventions (Table 3). 

DISCUSSION
This case report was performed to investigate the 
effectiveness of TMR® and IASTM to treat appar-
ent chronic hamstring tightness and pain that 

Table 2. Results of TMR® Treatment During the First Week of Treatment.
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was identified with traditional hamstring flexibil-
ity measures. The interventions were effective at 
addressing subject dysfunction as indicated by the 
normalized ROM, resolution of pain (clinically sig-
nificant changes), and the subject being asymptom-
atic at discharge exam in a total of six treatments 
over two weeks. Total Motion Release® was selected 
as an intervention because it is advocated to rapidly 
change apparent hamstring tightness and the sub-
ject presented with an asymmetrical movement pat-
tern during TMR® testing. The IASTM intervention 
was selected because it is indicated for patients clas-
sified with a TED.3

Tissue extensibility dysfunction, especially in the 
hamstring muscle group, is a common complaint in 
physically active individuals.1,28-30 Various research 
studies have been conducted to determine the 
effect of different stretching protocols on improving 

hamstring flexibility. For example, a recent investi-
gation using the American College of Sports Medi-
cine stretching guidelines demonstrated an average 
increase of 16.6° of hip flexion in subjects, over a 12 
week static stretching program.31 In a male athletic 
population, static stretching produced an increase of 
12° in knee extension after a six-week static stretch-
ing program.12 Similarly, use of a six-week proprio-
ceptive neuromuscular facilitation (PNF) stretching 
protocol demonstrated an increase of 19° in knee 
extension in subjects.32 Flexibility improvements 
associated with stretching protocols are found for 
both static and PNF stretching, but the findings also 
suggest the improvements required repetitive appli-
cation of the stretching protocol performed over a 
long period of time. Few studies, if any, establish 
criteria for determining if participants should be 
included in a stretching protocol by determining 
if the apparent ROM deficiencies truly need to be 

Table 3. Results of TMR® and IASTM Treatment During 2nd Week and at Follow-up Exams.
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addressed through tissue lengthening interventions, 
which may be necessary given certain findings. 

For example, there is evidence in the literature to 
support the theory that joint33,34 and soft-tissue3 mobi-
lization with movement can improve ROM measures 
for patients with apparent hamstring tightness. The 
traction SLR is a joint mobilization with movement 
indicated when patients present with a limited SLR 
and posterior thigh pain that does not extend below 
the knee.7,33,35 In a case report, researchers found a 
21° increase in hip flexion SLR and an elimination 
of pain following two treatments of the traction 
SLR.36 Other researchers have compared the traction 
SLR to stretching and found that it was significantly 
more effective than both static and PNF stretching.34 
Similarly, the use of IASTM with movement using 
Técnica Gavilán® in three patients classified with a 
TED resulted in an average ROM increase of over 44˚ 
in SLR measures in an average of 7.33 treatments.3 
Another option to address reduced hamstring ROM is 
the use of neurodynamic sliding of the sciatic nerve. 
In patients with reduced hamstring ROM on a pas-
sive SLR, neurodynamic sciatic sliding has resulted 
in improved ROM compared to static stretching, 
placebo, and control groups.11,37 Following a single 
treatment session, subjects receiving neurodynamic 
sciatic sliding intervention improved by 9.86o while 
subjects in the static stretching group improved by 
5.5o and the placebo group improved by 0.03o on a pas-
sive SLR measurement.11 Similar results have been 
demonstrated following a one week course (three 
treatment sessions) of neurodynamics with subjects 
in the sciatic sliding intervention group improving 
by 9.4o compared to 0.2o in the control group.37

Although there are currently no published studies 
about the TMR® treatment for apparent hamstring 
tightness, researchers have provided evidence sup-
porting the underlying theories of neural coupling and 
cross education. Neural coupling is the brain-based 
modulation and coordination of sensation and move-
ment that occurs within the body.37,39 Researchers40,41 
demonstrated that movement of the upper limbs pro-
motes neuromuscular activation of the lower limbs, 
possibly providing support to the theory that trunk 
and upper body rotation during a TMR® treatment 
may have an impact on trunk and lower extrem-
ity movement. Completing the “release” maneuver 

(e.g., bending knee, extending trunk) increases total 
body movement and allows for maximal motion dur-
ing the activity, which may optimize neuromuscu-
lar activity through the trunk and lower extremity. 
Other researchers16 who addressed ROM deficits in 
the upper extremity found significant and clinically 
meaningful increases in shoulder mobility following 
a TMR® treatment compared to a traditional warm-
up protocol. Additionally, performing a motion on the 
good side may have a cross education effect, resulting 
in bilateral improvements, as has been demonstrated 
in the literature following stretching,42 strengthen-
ing,43 and surgical procedures.44

In this case report, the use of TMR® alone improved 
“loaded” (i.e., standing hip flexion) and “unloaded” 
(i.e., sit and reach) functional measurements, while 
also producing an increase of 30° (56° to 86°) on the 
right side and of 33° (61° to 94°) on the left side dur-
ing active SLR, with an increase of 36° (28° to 64°) 
increase in right knee extension and a 37° increase 
in left knee extension (32° to 69°) measured using 
the Active 90/90 Knee Extension Test in three treat-
ments of two minutes over five days. Additionally, 
the patient’s complaints during ADLs were resolved 
after the first TMR® treatment as reported on the 
PSFS. The combination of TMR® with IASTM (three 
additional treatments over five days) continued to 
produce patient improvement in both the “loaded” 
and “unloaded” functional measurements, while 
also resulting in SLR measurements greater than 
100° bilaterally. Additionally, the Active 90/90 AKE, 
Tripod, and Slump tests were no longer positive at 
discharge. The use of TMR® and IASTM produced 
greater results at a faster rate than is reported in 
the literature for common stretching protocols and 
the gains were maintained at three month follow-
up without further intervention. The findings of 
this case report illuminate the potential need to re-
examine the clinical paradigm that leads clinicians 
to recommending a stretching protocol for a patient. 

Limitations and Future Research
As the results of a single case report cannot be gen-
eralized to other patients, additional research is 
needed to determine the effectiveness of this pro-
tocol in a greater number of subjects. In this case 
report, the clinician and patient were not blinded 
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2014;26:209-213.

14. Puentedura EJ, Huijbregts PA, Celeste S, et al. 
Immediate Effects of Quantifi ed Hamstring 
Stretching: Hold-Relax Proprioceptive 
Neuromuscular Facilitation Versus Static Stretching. 
Phys Ther Sport. 2011;12:122-126.

15. Draper DO, Castro JL, Feland B, Schulthies S, Eggett 
D. Shortwave diathermy and prolonged stretching 
increase hamstring fl exibility more than prolonged 
stretching alone. J Orthop Sports Phys Ther. 
2004;34(1):13–20. 

16. Gamma S, Baker RT, Iorio S, Nasypany A, Seegmiller 
JG. Total motion release warm-up improves 
dominant arm shoulder internal and external 
rotation in baseball players. Int J Sports Phys Ther. 
2014;9(4):509-517.

17. Dalonzo-Baker T. Getting rid of tight hamstrings 
quickly – the TMR way: Part 2. [Video]. Retrieved 
from https://www.youtube.com/
watch?v=oCMnMpUlGHo. Last update 9 March 
2012. Accessed 9 June 2015.

18. Sevier TL, Gehlsen GM, Wilson JK, Stover SA, Helfst 
RH. Traditional physical therapy vs. graston 
augmented soft tissue mobilization in the treatment 
of lateral epicondyilitis. Med Sci Sports Exerc. 
1995;27(5):S52.

19. Davidson CJ, Gavion, LR, Gehlsen, GM, et al. Rat 
tendon morphologic and functional changes 

to the treatment or outcomes, which could bias the 
results. Within the TMR® system, there is potential 
that performing more than one set of the technique, 
performing the technique multiple times per day, 
or treating another area of the body presenting with 
greater asymmetry in movement may produce bet-
ter outcomes. Designing a randomized control trial 
that uses a greater number of research participants, 
utilizes a control group, blinds researchers, and 
examines different TMR® interventions would be 
useful in determining the value of TMR® for improv-
ing movement asymmetries and ROM.

CONCLUSION
The combined treatment interventions of TMR® and 
IASTM resolved the subject’s complaints in six visits 
and improved the patient’s dysfunction in “loaded” 
and “unloaded” positions. Additionally, the results 
were maintained without further intervention at the 
one and three month follow-up exams. The present 
case report is an example of the potential need to re-
examine the clinical paradigm that leads clinicians 
to recommending a tradi tional stretching protocol 
for a patient.
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