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Background: There are no controlled studies testing the efficacy of various nonoperative strategies for treatment of greater 
trochanter pain syndrome.

Hypothesis: The null hypothesis was that local corticosteroid injection, home training, and repetitive low-energy shock wave 
therapy produce equivalent outcomes 4 months from baseline.

Study Design: Randomized controlled clinical trial; Level of evidence, 2.

Methods: Two hundred twenty-nine patients with refractory unilateral greater trochanter pain syndrome were assigned sequen-
tially to a home training program, a single local corticosteroid injection (25 mg prednisolone), or a repetitive low-energy radial 
shock wave treatment. Subjects underwent outcome assessments at baseline and at 1, 4, and 15 months. Primary outcome 
measures were degree of recovery, measured on a 6-point Likert scale (subjects with rating completely recovered or much 
improved were rated as treatment success), and severity of pain over the past week (0-10 points) at 4-month follow-up.

Results: One month from baseline, results after corticosteroid injection (success rate, 75%; pain rating, 2.2 points) were signifi-
cantly better than those after home training (7%; 5.9 points) or shock wave therapy (13%; 5.6 points). Regarding treatment suc-
cess at 4 months, radial shock wave therapy led to significantly better results (68%; 3.1 points) than did home training (41%; 5.2 
points) and corticosteroid injection (51%; 4.5 points). The null hypothesis was rejected. Fifteen months from baseline, radial 
shock wave therapy (74%; 2.4 points) and home training (80%; 2.7 points) were significantly more successful than was cortico
steroid injection (48%; 5.3 points).

Conclusion: The role of corticosteroid injection for greater trochanter pain syndrome needs to be reconsidered. Subjects should 
be properly informed about the advantages and disadvantages of the treatment options, including the economic burden. The 
significant short-term superiority of a single corticosteroid injection over home training and shock wave therapy declined after 1 
month. Both corticosteroid injection and home training were significantly less successful than was shock wave therapy at 
4-month follow-up. Corticosteroid injection was significantly less successful than was home training or shock wave therapy at 
15-month follow-up.

Keywords: trochanteric pain; greater trochanter pain syndrome (GTPS); trochanteric bursitis; corticosteroid injection; stretching; 
shock wave therapy

A frequent but often overlooked painful overuse syndrome of 
the hip in adults engaging in recreational sports activities is 
commonly called trochanteric bursitis. The anatomical rela-
tionship between 3 bursae, the hip abductor-external rotator 
muscles, the greater trochanter, and the overlying iliotibial 
tract may predispose this area to biomechanical irritation. 
The name trochanteric bursitis suggests inflammation in  
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1 or more of the several peritrochanteric bursae. However, 
beneath the area where pain is perceived, several anatomi-
cal structures lie, including muscles, tendons, and entheses, 
in which recent MRI studies have shown abnormalities that 
appear to correlate better with the syndrome than does any 
bursal lesion. Abnormal signal at the gluteus medius and 
minimus or a muscle-tendon junction tear was described, 
whereas swelling of the trochanteric bursae was remarkably 
uncommon. Given the absence of bursal lesions and the 
presence of gluteal tendinopathy,1,4,10,15,27,31 it was suggested 
to rename the condition greater trochanter pain syndrome 
(GTPS).8

Greater trochanter pain syndrome is characterized by 
chronic intermittent or continuous pain at and around the 
greater trochanter, sometimes radiating to the lateral 
aspect of the hip or lateral thigh and increasing with 
physical activity. Lying on the affected side can thereby 
interfere with restful sleep. Physical examination reveals 
tenderness to palpation of the greater trochanter, repro-
ducing the patient’s pain. Single-legged stance and resisted 
external rotation tests have excellent sensitivity and 
specificity for the diagnosis of tendinous lesion and bursi-
tis in patients with MRI-documented refractory GTPS.17 
The prevalence of GTPS is higher among women than 
among men (rate 4:1), and the incidence is highest between 
the ages 40 and 60 years.1 A prospective study in a Dutch 
general practice showed an incidence of 5.6 patients per 
1000 adults in 1 year.5 In a retrospective study, Lievense  
et al18 found an incidence of 1.8 per 1000 in 1 year. They 
described GTPS as the second most important diagnosis of 
hip problems seen in primary care. Segal et al24 reported a 
prevalence of unilateral and bilateral GTPS of 15.0% and 
8.5% in women and 6.6% and 1.9% in men, respectively. 
Age and race were not significantly associated with GTPS. 
In a multivariate model, iliotibial band tenderness, ipsilat-
eral knee osteoarthritis, and contralateral knee osteoar-
thritis were positively related to GTPS, indicating that 
altered lower limb biomechanics may be related to GTPS.

Standard initial treatment of gluteal tendinopathy in 
refractory GTPS includes nonsteroidal anti-inflammatory 
drugs, physical therapy, and correction of training errors 
plus the identification and correction of suspected, albeit 
still unproven, predisposing factors such as repetitive over-
use injury, hip trauma, bone spurs, or calcium deposits.1,14 
Recently, leg-length discrepancy was confirmed to be not 
associated with GTPS.25

Concurrently, or if the other nonoperative measures fail, 
a local corticosteroid injection is regarded as standard of 
care. There is no conclusive evidence, however, that these 
injections are effective, although small observational  
studies suggest that injections with corticosteroids are 
effective in the short term. In 1 open trial, a single corti-
costeroid injection had a response rate between 61% and 
77%. Best responses were attained with the highest corti-
costeroid dose of 24 mg of betamethasone.26 No controlled 
trials are available evaluating the benefit of injection 
therapy for this disorder. Likewise, we are unaware of any 
controlled studies of the efficacy of home training or of 
shock wave treatment for GTPS. After all, shock wave 
therapy has been found to be effective for other insertional 
tendinopathies, such as that of the heel (Achilles tendon, 

plantar fasciopathy) or the lateral elbow. Extensive infor-
mation on the potential working mechanism of shock wave 
therapy is provided by Gerdesmeyer et al,13 Pettrone and 
McCall,20 and Rompe et al.21,22

This study compared the individual effectiveness of  
3 treatment modalities already in use in 2 orthopaedic 
outpatient clinics: a single local corticosteroid injection, a 
standardized home training program, and a standardized 
shock wave treatment protocol. We wished to test the null 
hypothesis that a corticosteroid injection, home training, or 
shock wave therapy for the management of GTPS produced 
equivalent outcomes at 4-month follow-up evaluation.

PATIENTS AND METHODS

This was a pragmatic study conducted in a secondary care 
setting. Consecutive patients referred to 2 orthopaedic 
outpatient clinics for persisting lateral hip pain were 
checked for the following inclusion criteria:

•	Local tenderness on palpation of the area of the great 
trochanter of patients with this symptom as the rea-
son for the consultation. Physical examination included 
asking subjects “Is this tender or painful?” while 
applying 1.5 to 3.0 kg of pressure over the lateral and 
posterior aspects of the greater trochanter with the 
subject in the lateral decubitus position. The examiner 
used a Wagner Force Dial dolorimeter (Wagner 
Instruments, Greenwich, Connecticut).

•	 Pain located anterior, lateral, or posterior to the 
greater trochanter for more than 6 months.

•	Pain while lying on the affected side.
•	Positive resisted external rotation test result. Patients 

were asked to lie supine on a table with the hip and 
knee flexed at 90° and the hip in external rotation. 
After slightly diminishing the external rotation just 
enough to relieve the pain, patients were asked to 
return actively to neutral rotation, that is, to place the 
leg along the axis of the bed, against resistance. The 
test result was considered positive when it reproduced 
the spontaneous pain reported by the patient.16

•	No radiologic evidence at imaging of hip joint disease 
or knee joint disease (Kellgren-Lawrence scale  
<2 points; 0, no radiographic finding of osteoarthri-
tis; 1, minute osteophytes of doubtful clinical signifi-
cance; 2, definite osteophytes with unimpaired joint 
space; 3, definite osteophytes with moderate joint 
space narrowing; 4, definite osteophytes with severe 
joint space narrowing and subchondral sclerosis).

Exclusion criteria were the following:

•	History of acute trauma.
•	Presence of signs and symptoms of another cause  

of regional hip pain, such as dysplasia, deformities, 
sciatica.

•	Presence of hip internal rotation ≤20° in the context of 
pain with internal rotation.

•	Presence of signs of general myofascial tenderness on 
palpation.24
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•	Bilateral GTPS.
•	Previous injection of the trochanteric area during the 

preceding 6 months.
•	Previous spinal surgery.
•	Previous hip surgery.
•	Acute low back pain.
•	Local infection to the hip joint region.
•	Blood coagulation disorders or use of anticoagulant 

medication.
•	Any known kind of vascular, neurologic, or neoplastic 

comorbidity.

Of 611 patients referred for probable trochanteric bursitis 
or lateral hip pain, 229 fulfilled all 5 inclusion criteria, and 
gave informed consent. After diagnosis, patients were 
asked to contact the clinics for an appointment for treat-
ment. As with all other outpatients, eligible individuals 
were then sequentially given an appointment by a secre-
tary to 1 of 3 weekly consultation hours, indicated as A, B, 
and C.

The investigator himself did not know in advance to 
which consultation hour an individual patient was assigned. 
The patient did not know in advance which consultation 
hour represented which treatment protocol.

The study design and the information documents were 
approved by the institution’s review board. No conflict of 
interest was declared.

TREATMENT PROCEDURES

Home Training Group

Patients allocated to consultation hour A were recom-
mended a home training program. This consisted of pro-
gressive slow repetitive exercises23 with the following 
instructions:

•	Piriformis stretch. Lie on your back with both knees 
bent and the foot of the uninjured leg flat on the floor. 
Rest the ankle of your injured leg over the knee of your 
uninjured leg. Grasp the thigh of the uninjured leg, 
and pull that knee toward your chest. You will feel a 
stretch along the buttocks and possibly along the out-
side of your thigh on the injured side. Hold this stretch 
for 30 to 60 seconds. Repeat 3 times.

•	Iliotibial band stretch standing. Cross your uninjured 
leg in front of your injured leg, and bend down and 
touch your toes. You can move your hands across the 
floor toward the uninjured side, and you will feel more 
stretch on the outside of your thigh on the injured side. 
Hold this position for 30 seconds. Return to the start-
ing position. Repeat 3 times.

•	Straight leg raise. Lie on the floor on your back, and 
tighten up the top of the thigh muscles on your injured 
leg. Point your toes up toward the ceiling, and lift your 
leg up off the floor about 10 in. Keep your knee 
straight. Slowly lower your leg back down to the floor. 
Repeat 10 times. Do 3 sets of 10.

•	Wall squat with ball. Stand with your back, shoulders, 
and head against a wall, and look straight ahead. 
Keep your shoulders relaxed and your feet 1 ft away 
from the wall, shoulder-width apart. Place a rolled-up 
pillow or a ball between your thighs. Keeping your 
head against the wall, slowly squat while squeezing 
the pillow or ball at the same time. Squat down until 
your thighs are parallel to the floor. Hold this position 
for 10 seconds. Slowly stand back up. Make sure you 
are squeezing the pillow or ball throughout this exer-
cise. Repeat 20 times.

•	Gluteal strengthening. To strengthen your buttock 
muscles, lie on your stomach with your legs straight out 
behind you. Tighten your buttock muscles, and lift your 
injured leg off the floor 8 in, keeping your knee straight. 
Hold for 5 seconds, and then relax and return to the 
starting position. Repeat 10 times. Do 3 sets of 10.

When entering the study, all subjects were given a practi-
cal demonstration by trained physical therapists (6 instruc-
tional sessions, each 20 minutes long) and written 
instructions of home exercises. All exercises were to be 
performed twice a day, 7 days a week, for 12 weeks. All 
subjects were invited to see the physician after 2 and  
4 weeks to check compliance with the training program by 
interview and to provide the same number of physician-
subject contacts as in the other groups. All subjects could 
contact the physician during working hours if they had 
questions about the training program. After 6 weeks, the 
subjects were told to slowly return to their previous levels 
of sports/recreational activity.

Corticosteroid Injection Group

Subjects assigned to consultation hour B were treated by the 
physician following the method described by Cardone and 
Tallia.6 Before the injection, the physician explained the pro-
cedure and any associated risks, and informed consent was 
obtained. Each subject was positioned in the lateral decubi-
tus position with the GTPS side up. For the patient’s comfort 
and stabilization, the hip was flexed 30° to 50° and the knee 
flexed 60° to 90°. The greater trochanter was identified by 
palpating the femur from the midshaft proximally until 
the trochanteric area was reached. The injection site was 
at the point of maximal tenderness or swelling. The physi-
cian marked the most painful point with a pen or pencil 
and disinfected the site. A syringe was prepared, containing  
5 mL of 0.5% Mepivacain (Meaverin 0.5%, DeltaSelect 
GmbH, Dreieich, Germany) mixed with 1 mL of Prednisolone 
(25 mg, Predni 25 mg Lichtenstein N Kristallsuspension, 
Winthrop Arzneimittel GmbH, Fürstenfeldbruck, Germany). 
At the area most tender to palpation in the region of the 
greater trochanter, a 22- or 25-gauge needle was inserted 
perpendicular to the skin. In very obese subjects, a longer 
needle was required. The needle was inserted directly down 
to bone and then withdrawn 2 to 3 mm before injecting 1 
mL of the substance at that point. The needle was then 
redirected to distribute the remainder of the medication in 
a fanlike pattern over additional painful areas.
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All patients were invited to see the physician after 2 and 
4 weeks to secure the same number of physician-subject 
contacts as in the other groups. Subjects were asked to 
avoid pain-provoking activities. After 6 weeks, the subjects 
were told to slowly return to their previous levels of sports/
recreational activity.

Shock Wave Therapy Group

All subjects allocated to consultation hour C received 3 ses-
sions of shock wave treatment. A radial shock wave device 
(Swiss Dolorclast, Electromedical Systems, Nyon, Switzerland) 
was used.13,21,22 A projectile in a hand piece is accelerated by 
a pressurized air source and strikes the 15-mm-diameter 
metal applicator. The energy generated is transmitted to the 
subject’s skin as a shock wave through a standard commer-
cially available ultrasound gel. The wave then disperses radi-
ally from the application site into the tissue to be treated. The 
energy generated depends considerably on the working pres-
sure to which the device has been set. The treatment was 
administered in 3 weekly sessions. At each session, 2000 
pulses were applied with a pressure of 3 bar (equal to an 
energy flux density of 0.12 mJ/mm²). The treatment fre-
quency was 8 pulses/s. With use of the principle of clinical 
focusing, the area of maximal tenderness was treated in a 
circumferential pattern, starting at the point of maximum 
pain level over the greater trochanter. No local anesthesia 
was applied. After 6 weeks, the patients were told to slowly 
return to their previous levels of sports/recreational activity.

Details of the content of each treatment session and of 
any immediate adverse effects were recorded by the physi-
cian. All cointerventions until the 4-month follow-up 
examination were discouraged. For all groups, prescrip
tion of pain medication was allowed when requested (par-
acetamol, 2000-4000 mg/d).

ASSESSMENT

No disease-specific questionnaires are available for GTPS. 
Therefore, generic outcome measures (pain severity and 
recovery) were chosen as primary outcome measures. 
Written outcome assessments were recorded by each  
subject on a standardized form at baseline, 1 month,  
4 months, and 15 months from baseline before seeing the 
physician at each visit. A nurse who was unaware of  
the allocated intervention collected the forms and entered 
the responses into a database.

The primary outcome measurements were:

•	Degree of recovery at 4 months compared with base-
line, measured on a 6-point Likert scale (completely 
recovered to much worse). Success rates were calcu-
lated by dichotomizing responses. Subjects who 
reported themselves completely recovered or much 
improved were counted as successes, and subjects who 
reported themselves somewhat improved, same, worse, 
or much worse were counted as failures.

•	Severity of pain during the past week measured with 
a numeric rating scale (0, no pain; 10, worst conceiv-
able pain) at 4 months from baseline.

Secondary outcome measurements were degree of recov-
ery and severity of pain recorded in the same way as 
described above at 1 month and at 15 months after treat-
ment. Use of medication, visits to the physician or physi-
cal therapist, hospital treatment, and diagnostic tests 
were recorded every week. Finally, the subjects were 
asked to report any side effects. All subjects were asked 
whether they had been able to return to their previous 
sports activities.

STATISTICAL ANALYSIS

Statistical analyses were performed using the Graphpad 
Instat version 3.00 for Windows (Graphpad Inc, San Diego 
California).30 For the outcome measure degree of recovery, 
sample size was based on the ability to detect a clinically 
relevant difference of 25% in success rate between groups 
on the Likert scale at 4 months from baseline. This sample 
size accounted for a 10% loss to follow-up, a type I error 
rate of 0.05, and a power of .8. Assuming a success rate of 
40% in the least successful group (home training) and 
a success rate of 65% in the most successful group (corti-
costeroid injection), the target sample size was calculated 
at 75 patients per group. Accordingly, patients were 
sequentially allocated to the 3 different consultation hours 
until there were 75 patients in each group.

Changes in ratings over time for every patient were calcu-
lated by subtracting the results at baseline from those at 
follow-up. The main analysis was performed on an intention-
to-treat basis. Missing responses were imputed as the last 
observation carried forward. Here, last observation was 
defined as the last recorded value.

Differences (95% confidence interval [CI]) in improve-
ment between the groups were computed. A 2-way analysis 
of variance with group as the between-subjects factor and 
time as the within-subjects factor was used to assess the 
presence of significant differences between the 3 groups 
and within each group before treatment and at the sched-
uled follow-ups. A Tukey post hoc comparison was used to 
assess significant differences between mean values when a 
significant main effect and interaction were found. For all 
analyses, the level of significance was set at P < .05. 
Significance levels for multiple comparisons were adjusted 
with the Bonferroni procedure.3,19

To test differences between the proportions of baseline 
characteristics, and of success and failures, groups were 
combined and then tested with the Fisher exact test. For 
all analyses (2-sided), P < .05 was considered significant.

RESULTS

Figure 1 diagrams the trial profile. A total of 16 patients 
could not be reexamined at the main follow-up at 4 months 
from baseline: 5 in the home training group, 6 in the 
corticosteroid injection group, and 5 in the shock wave 
treatment group. Their missing responses were imputed as 
the last observation carried forward.
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Table 1 shows the baseline characteristics of the sub-
jects. Although no formal randomization procedure was 
applied, subjects from the various groups did not differ 
clinically significantly regarding their baseline character-
istics (all  P > .05). Two of every 3 subjects engaged in 
sporting activities on a regular basis.

The mean values of the percentage of success on the 
Likert scale and of the numeric rating scale, related to 
the comparison between the 3 groups, are summarized in 
Table 2. The analysis of variance demonstrated a significant 
effect of treatment (P < .01) and a significant treatment-time 
interaction (P < .01) at all follow-ups.

Likert Scale

At 1 month from baseline, success was reported by 7% 
(5/76 subjects) in the home training group, 75% (56/75 

subjects) in the corticosteroid injection group, and 13%  
(10/78 subjects) in the shock wave therapy group. The 
significant initial beneficial effect of corticosteroid injec-
tion did not persist. At 4 months from baseline, success 
rates were 41% (31/76 subjects) for home training, 51% 
(38/75 subjects) for corticosteroid injection, and 68% (53/78 
subjects) for shock wave treatment. At 15 months from 
baseline, success rates were 80% (61/76 subjects), 48% 
(36/75 subjects), and 74% (58/78 subjects), respectively 
(Table 3). Post hoc comparison showed a significant differ-
ence between the home training group and the shock wave 
therapy group (P < .001), as well as between the corticos-
teroid injection group and the shock wave therapy group  
(P < .05) at 4 months from baseline. At the same time point, 
no statistically significant difference was found between 
the home training group and the corticosteroid injection 
group (P > .05). Moreover, post hoc comparison showed a 

611 patients referred to
research centers

382 patients excluded
320 did not meet ALL inclusion criteria

62 met exclusion criteria

229 patients allocated
alternately to protocols

76 patients allocated to
Home Training

75 patients allocated to
Local Corticosteroid Injection

78 patients allocated to
Radial Shockwave Therapy

3 patients refused 4-month
follow-up visits because of

worsening of symptoms

2 patients could not be
contacted 

4 patients refused 4-month
follow-up visits because: 2x
painfree, 2x worsening of

symptoms;
2 patients could not be

contacted   

4 patients refused 4-month
follow-up visits (no reasons

given)

1 patient could not be
contacted 

71 patients examined
5x last observation carried

forward

73 patients examined
5x last observation carried

forward

69 patients examined
6x last observation carried

forward

Figure 1. Trial profile.
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TABLE 1
Baseline Characteristicsa

	 Home Training	 Corticosteroid	 Shock Wave 
Characteristic	  (n = 76)	 Injection (n = 75)	 Therapy (n = 78)

Age, y	 46 	 50	 47
Women	 53 (69)	 54 (75)	 55 (71)
Duration of current episode of symptoms, months (range)	 14 (8-22)	 11 (6-40)	 15 (6-21)
Dominant leg affected	 46 (61)	 43 (57)	 49 (62)
Concomitant low back pain	 51 (67)	 53 (71)	 38 (49)
Use of analgesics during past week	 11 (14)	 10 (13)	 13 (17)
Patient’s preference for treatment			 
  Stretch training	 38 (50)	 30 (40)	 33 (42)
  Injection	 19 (25)	 22 (29)	 23 (30)
  Shock wave	 10 (13)	 13 (17)	 10 (13)
  No preference	 9 (12)	 10 (14)	 11 (15)
Main sports activities			 
  Nordic walking	 23 (30)	 17 (23)	 17 (22)
  Jogging	 16 (21)	 9 (12)	 10 (13)
  Tennis	 10 (13)	 14 (18)	 6 (8)
  Other	 5 ( 6)	 11 (15)	 9 (11)
  None	 23 (30)	 24 (32)	 36 (46) 
Outcome measure: pain during 	 6.2 (4-8)	 5.8 (4-8)	 6.3 (4-9) 
  past week, 0-10 points (range)

aData are number of subjects (percentage) unless otherwise indicated. For all variables, between-group analysis was P > .05.

TABLE 2
Improvement in Primary and Secondary Outcomesa

	 Baseline	 1 Month

	 A	 B	 C	 P	 A	 B	 C	 P

Likert, 1 or 2				    NS	 6.6% 	 74.7%	 12.8% 	
					     (5/76)	 (56/75)	 (10/78)	
  A vs C								        NS
  B vs C								        <.001
  A vs B								        <.001
Pain, 1-10	 6.2 ± 3.7	 5.8 ± 3.6	 6.3 ± 4.1		  5.9 ± 2.8	 2.2 ± 2.0	 5.6 ± 3.7	  
  A vs C				    NS				    NS
  B vs C				    NS				    <.001
  A vs B				    NS				    <.001

 	 4 Months	 15 Months

	  A	 B	 C	 P	 A	 B	 C	 P

Likert, 1 or 2	 40.8%	 50.6% 	 67.9% 		  80.2% 	 48.0% 	 74.3%
	 (31/76)	 (38/75)	 (53/78)		  (61/76)	 (36/75)	 (58/78)
  A vs C				    <.001				    NS
  B vs C				    <.05				    <.01
  A vs B				    NS				    <.001
Pain, 1-10	 5.2 ± 2.9	 4.5 ± 3.0	 3.2 ± 2.4		  2.7 ± 2.8	 5.3 ± 3.4	 2.4 ± 3.0	
  A vs C				    <.001				    NS
  B vs C				    <.01				    <.001
  A vs B				    NS				    <.001

aData are number of subjects and percentage for the Likert scale and mean ± SD for pain. A, home training group (n = 76); B, corticosteroid injection 
group (n = 75); C, shock wave therapy group (n = 78); Likert 1, completely recovered; Likert 2, much improved NS, not significant.
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significant difference between the corticosteroid injection 
group and the shock wave therapy group at 1 month (P < 
.001) and 15 months (P < .01) from baseline, as well as 
between the corticosteroid injection group and the home 
training group at 1 month (P < .001) and 15 months (P < 
.001) from baseline. No statistically significant difference 
was found between the home training group and the shock 
wave therapy group (Table 2). All subjects reporting suc-
cess at the various time points resumed their previously 
preferred sports activities.

Numeric Rating Scale

Post hoc comparison showed a significant difference between 
the home training group and the shock wave therapy group 
(P < .001), as well as between the corticosteroid injection 
group and the shock wave therapy group (P < .01) at 
4 months from baseline. At the same time point, no statisti-
cally significant difference was found between the home 
training group and corticosteroid injection group.

Moreover, the same post hoc comparison showed signifi-
cant differences between the corticosteroid injection group 
and the shock wave therapy group at 1 month (P < .001) 
and 15 months (P < .001) from baseline, as well as between 
the corticosteroid injection group and the home training 
group at 1 month (P < .001) and 15 months (P < .001) from 
baseline. No statistically significant difference was found 
between the home training group and shock wave therapy 
group at the same times (Table 2).

Differences of change between the 3 groups were calcu-
lated. Between baseline and 1-month follow-up, the 
between-group analysis showed a significantly higher dif-
ference of change for corticosteroid injection. Mean differ-
ence of change between corticosteroid injection and home 
training was 3.3 points (95% CI, 2.6-3.9 points; P < .001) 
and between corticosteroid injection and shock wave ther-
apy was 2.9 points (95% CI, 2.2-3.6 points; P < .001).

In contrast, between 1-month follow-up and 4-month 
follow-up, significant differences of change were seen in 
favor of radial shock wave therapy compared with injection 
and with home training. Mean difference of change 
between corticosteroid injection and home training was 
–3.0 points (95% CI, –3.7 to –2.3 points; P < .001) and 

between injection and shock wave therapy was –4.7 points 
(95% CI, –5.4 to –3.9 points; P < .001).

Between 4-month follow-up and 15-month follow-up, 
home training showed the highest change. Mean difference 
of change between corticosteroid injection and home train-
ing was –3.3 points (95% CI, –4.1 to –2.6 points; P < .001) 
and between corticosteroid injection and shock wave ther-
apy was –1.6 points (95% CI, –2.4 to –0.8 points; P < .001).

Return to Previous Level of Sports/Recreational Activity

At 4 months from baseline, 26 of 76 subjects (34%) of the 
home training group, 37 of 75 subjects (49%) of the cor-
ticosteroid injection group, and 50 of 78 subjects of the 
shock wave therapy group (64%) had been able to return 
to their previous levels of sports/recreational activity 
(corticosteroid injection vs home training, not signifi-
cant; corticosteroid injection vs shock wave therapy,  
P < .05; home training vs shock wave therapy, P < .001).

Additional Treatment

Until the 4-month follow-up from baseline, 23 of 76 sub-
jects (30%) in the home training group, 15 of 75 subjects 
(20%) in the corticosteroid injection group, and 12 of  
78 subjects (15%) in the shock wave therapy group used 
the allowed pain medication.

Between 4 and 15 months from baseline, 30 of 76 sub-
jects (39%) in the home training group, 31 of 75 subjects 
(41%) in the corticosteroid injection group, and 48 of  
78 subjects (62%) in the shock wave therapy group received 
no additional treatment (Table 4).

Sixty-one of 76 subjects (81%) in the home training 
group reported having continued with home training on 
their own.

Side Effects

Overall, 111 subjects reported adverse reactions, and all 
were mild (Table 5). Increased pain after treatment was 
reported more often for home training and injection sub-
jects. However, skin bruising was most often reported for 
shock wave therapy.

TABLE 3
Likert Scale Ratingsa

	 1 Month	 4 Months	 15 Months

Group	 1	 2	 3	 4	 5	 6	 1	 2	 3	 4	 5	 6	 1	 2	 3	 4	 5	 6

Home training (n = 76)	 1	 4	 28	 36	 7		  12	 19	 24	 23			   46	 15	 7	 6	 2	
Corticosteroid injection (n = 75)	 27	 29	 11	 8			   21	 17	 9	 27	 1		  21	 15	 24	 15		

Shock wave therapy (n = 78)	 1	 9	 30	 34	 3	 1	 22	 31	 22	 12	 1		  24	 34	 9	 21		

a Likert scale ratings: 1, completely recovered; 2, much improved; 3, somewhat improved; 4, same; 5, worse; 6, much worse. Data are  
number of subjects. One month: corticosteroid injection group versus shock wave therapy group, P < .001; corticosteroid injection group 
versus home training group, P < .00; home training group versus shock wave therapy group, P > .05. Four months: home training  
group versus shock wave therapy group, P < .001; corticosteroid injection group versus shock wave therapy group, P < .05; home training 
group versus corticosteroid injection group, P > .05. Fifteen months: corticosteroid injection group versus shock wave therapy group, P < .01; 
corticosteroid injection group versus home training group, P < .001; home training group versus shock wave therapy group, P > .05.
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DISCUSSION

The best way to diagnose GTPS remains unclear; imaging 
procedures such as MRI do not correlate well with clinical 
symptoms.4,10,31 The optimal management for GTPS 
remains unclear. Traditional nonoperative therapies, such 
as supervised stretching and strengthening, physical 
therapy modalities, and corticosteroid and local anesthetic 
injections to the trochanteric area, are reported to be help-
ful. However, we are aware of no reports detailing con-
trolled results of those treatment procedures. Therefore, 
scientific evidence supporting these therapies is low. Most 
recently, Stephens et al29 called corticosteroid injection the 
preferred and definitive treatment for trochanteric pain 
syndrome.

Symptom recurrence and incomplete symptom relief are 
not uncommon after corticosteroid injection. In 1 trial, 33% 
of subjects treated with a minimum of 2 corticosteroid 
injections had improvement but not resolution of symp-
toms. Of those subjects who did improve, 25% experienced 
a recurrence.11

Many surgical procedures are available, but all reports 
are small, retrospective case series. For this reason, suc-
cess rates of surgical treatment are difficult to compare 
and interpret.9,12,16

The present study aimed to evaluate 3 treatment proce-
dures already in everyday use for years in 2 orthopaedic 
outpatient clinics. Clearly, the major weakness of the trial 
is that a formal randomization procedure was not feasible. 
However, the procedure chosen to allocate subjects to the  
3 groups fulfils the definition of a quasi-randomized trial. 
Accordingly, subjects from the various groups did not differ 
clinically significantly regarding their baseline character-
istics. As the 3 groups possessed similar characteristics at 
baseline, differences found at follow-ups most likely can be 
attributed to the effect of treatment rather than to any 
other factor.

A placebo-controlled trial was denied by the institutional 
review board as patients had already suffered for more 
than 6 months. So this study does not provide any data on 
the spontaneous course of GTPS.

Another weakness was that subjects could not be blinded 
to their individual treatments. In this regard, the current 
study would have been scientifically more sound if subjects 
had not been told that they would have to expect “no imme-
diate effect” (training, shock wave) or a “quick effect” (cor-
ticosteroid injection group) and what kind of side effects 
could occur. Thorough patient information in writing, how-
ever, was the institutional review board’s condition sine 
qua non to consent to the study design.

TABLE 4
Additional Treatments During Follow-up 4 Months to 15 Months From Baselinea

		  Corticosteroid 	 Radial Shock Wave 
	 Home Training (n = 76)	 Injection (n = 75)	 Therapy (n = 78)

	 n	 %	 n	 %	 n	 %

No additional treatment	 30	 39	 31	 41	 48	 62
Physical therapy	 24	 32	 13	 18	   3	   4
Corticosteroid injection	   6	   8	 17	 23	 10	 13
Pain medication	 16	 21	 14	 18	 17	 22

aCorticosteroid injection group versus shock wave therapy group, P > .05; corticosteroid injection group versus home training group, P < .01; home 
training group versus shock wave therapy group, P < .01.

TABLE 5
Adverse Reactions Until 1-Month Follow-Upa

		  Corticosteroid	 Radial Shock  
	 Home Training (n = 76)	 Injection (n = 75)	 Wave Therapy (n = 78)

	 n	 %	 n	 %	 n	 %

Number of patients reporting no	 49	 65	 33	 44	 36	 47
  adverse effects
Increased pain for 1 day	   7	   9	   8	 10	   8	 10
Increased pain >1 day	 15	 20	 18	 25	   2	   2
Radiating pain	   5	   6	   7	   9	   3	   4
Skin irritation	   0		    2	   3	 26	 33
Swelling	   0		    7	   9	   2	   3
Other minor or temporary	   0		    0		    1	   1
  adverse reactions

a Corticosteroid injection group versus shock wave therapy group, P > .05; corticosteroid injection group versus home training group, 
P < .05; home training group versus shock wave therapy group, P < .05.
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When attending for assessment, subjects filled in the 
assessment forms by themselves and handed them over  
to a nurse before they were seen by a physician, so as to 
avoid any influence of the physician on the subject’s indi-
vidual rating. Nevertheless, the subject who served as the 
assessor of the outcome measures was aware of the treat-
ment received.

When informed about the investigation, subjects were 
told that the usual standard treatment for chronic GTPS 
was polypragmatic, invariably including a corticosteroid 
injection to the greater trochanter area as current stan-
dard of care. All subjects were thoroughly informed in 
advance about potential complications arising from 
stretching and strengthening (temporary increase of pain, 
no immediate effect), shock wave therapy (temporary 
increase of pain, skin bruise, no immediate effect), and cor-
ticosteroid injection7 (quick effect; temporary increase of 
pain; local infection; local reactions at the injection site with 
swelling, tenderness, and warmth; postinjection flare; soft 
tissue (fat) atrophy; local depigmentation; periarticular cal-
cifications; tendon rupture; systemic effects; alterations in 
taste; hyperglycemia in subjects who have diabetes; direct 
needle injury to local nerves; perilymphatic depigmenta-
tion; adrenal suppression; abnormal uterine bleeding).

The 2:1 chance for subjects to avoid injection of a corti-
costeroid was an incentive when it came to consenting or 
to not taking part in the current study. No local infection 
or any other severe side effect occurred in the subjects  
who received an injection, and a single corticosteroid injec-
tion showed a convincing positive effect at 1 month from 
baseline, with a success rate of 75%. In subject-based 
assessment, this effect subsided with time, being 51% at  
4 months and 48% at 15 months. Not unexpectedly, the 
corticosteroid, as a potent anti-inflammatory medication, 
had a declining effectiveness when used for GTPS—a prob-
lem usually not associated with acute inflammation. The 
same is observed in, for example, lateral elbow tendino
pathy (epicondylitis).2,28

Repetitive low-energy radial shock wave therapy with-
out local anesthesia did not lead to early pain relief.13,20-22 
Its beneficial effect increased over months, with a success 
rate of 68% at 4 months and 74% at 15 months, as has been 
reported with regard to tendinopathies of the heel and 
elbow.13,20-22

Home training was initially ineffective. Its effects started 
to become evident at the 4-month follow-up with a 41% suc-
cess rate and improved to 80% at 15 months. Our subjects 
were quite satisfied with this slow but steady improvement, 
as at the 15-month follow-up 81% reported to have contin-
ued with home training on their own. This is the first con-
trolled report of the efficacy of a standardized home training 
program for GTPS in a pragmatic setting. The current sub-
ject information delivered by the American Academy of 
Orthopaedic Surgeons (http://orthoinfo.aaos.org/topic.
cfm?topic=a00409) still does not support the use of physical 
therapy or stretch exercises as effective procedures.14

Keeping in mind that we compared injection therapy as 
a passive procedure (tolerated by the subject) with home 
training as an active therapy that gave the subject thera-
peutic responsibility, it was interesting to observe that the 

active therapy was more effective in the long term. Further 
investigation should focus on subjects with acute injuries 
to ascertain whether a wait-and-see policy leads to results 
comparable to the home training.

CONCLUSION

The corticosteroid injection protocol was significantly more 
successful than were home training and shock wave ther-
apy at 1 month from baseline only, but it showed a decreas-
ing efficiency over time with treatment failures of 49% and 
52% at 4 and 15 months from baseline, respectively.

With regard to treatment success at 4-month follow-up, 
home training, corticosteroid injection, and shock wave 
therapy for treatment of GTPS did not produce equivalent 
outcomes at 4-month follow-up. Radial shock wave therapy 
had significantly better results. The null hypothesis was 
rejected.

Fifteen months from baseline, radial shock wave therapy 
and home training were equally successful with treatment 
failures of only 26% and 20%, respectively. Both radial 
shock wave therapy and home training were significantly 
more effective than was the single corticosteroid injection 
protocol. Home training had the lowest proportion of 
reported adverse effects and the highest rate of longer 
term success.

This study demonstrates that all procedures were safe. 
Maintenance of satisfactory improvement was observed 
after home training and after shock wave treatment but 
not after corticosteroid injection. Better results were 
achieved earlier after shock wave therapy than with the 
home training.

The role of corticosteroid injection for GTPS needs to be 
reconsidered. Subjects should be properly informed about 
the advantages and disadvantages of the treatment options 
for GTPS. The significant short-term benefits of cortico
steroid injection are reversed after 1 month, with high 
recurrence rates, implying that this treatment should be 
used with caution in the management of GTPS. The deci-
sion to recommend home training or to use radial shock 
wave therapy might depend on available resources because 
the relative difference was not significant in the long term, 
and the home training is less resource intensive.
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