
INTRODUCTION 

Lateral epicondylitis (LE), also known as tennis elbow, is a com-
mon tendon disease of the elbow, with a prevalence in the gener-
al population between 1% and 3%. The prevalence is uniformly 
distributed between men and women and is highest between 45 
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and 54 years of age [1,2]. LE affects the working population who 
perform repetitive movements of the forearm and/or wrist and is 
most common in the dominant arm [1-3]. The mean duration of 
LE complaints is between 6 weeks and 2 years. LE is a self-limit-
ing condition, whereby 83% of patients recover after one year 
without treatment [4]. 
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Pain in the lateral elbow is the most common symptom of LE 
and is most often caused by chronic overuse and subsequent de-
generation of the involved tendon [1,5,6]. The origin of the ex-
tensor carpi radialis brevis (ECRB) tendon, with attachment 2 
cm distal from the lateral epicondyle, is implicated in 90% of all 
LE cases [5]. 

There is no established optimal treatment for LE. Treatment 
varies from injections with corticosteroid, platelet-rich plasma 
(PRP), or autologous blood; physical therapy; non-steroidal an-
ti-inflammatory drugs (NSAIDs); immobilization splints or 
casts; and/or surgery. Previous meta-analyses and studies have 
shown that PRP, corticosteroids, and autologous blood injections 
can have a positive effect on pain and function. However, results 
are not consistent, and the degree of reported effect varies greatly 
among studies [7-14]. A recent meta-analysis has shown with 
moderate certainty that autologous blood or PRP injection prob-
ably provides little or no clinically important benefit for pain or 
function compared with placebo injection [8]. In most injection 
studies, injections were performed without ultrasound or other 
guidance. Several studies have shown lower accuracy of place-
ment of unguided injections compared to ultrasound-guided in-
jections [11,15-20]. Despite the unclear and perhaps disappoint-
ing treatment results and the self-limiting condition of LE, physi-
cians are attempting to shorten the duration of symptoms and 
improve functionality in patients with LE. Because ultra-
sound-guided injections are not always possible in daily practice, 
we studied an administration method that lies between ultra-
sound-guided and free-hand injections. 

Here, we evaluated pain, daily functioning, and possible com-
plications after ultrasound-standardized autologous blood injec-
tions in patients with LE. The hypothesis was that patients treat-
ed with ultrasound-standardized autologous blood injection 
would experience pain relief and improvement in daily function-
ing within two months. 

METHODS 

This study is approved by Institutional Review Board of the St. 
Antonius Hospital (IRB No. Z17.019). Written informed consent 
was obtained from the patients. 

For this observational prospective cohort study, all consecutive 
patients diagnosed with LE referred for ultrasound-standardized 
injections with autologous blood between December 2016 and 
December 2017 were eligible for inclusion. Data were collected 
using REDCap (Research Electronic Data Capture), a secure, 
web-based, electronic data capture tool for research studies [21]. 

The inclusion criteria were patients diagnosed with LE in 

which conservative treatment failed and point tenderness was 
noted during palpation over the common extensor origin and 
provocation pain of the lateral epicondyle, tested by resisted dor-
siflexion of the wrist with a pronated forearm and extended el-
bow. Exclusion criteria were age younger than 18 years and other 
elbow pain or injuries such as medial epicondylitis, local arthritis, 
arthrosis, synovitis, ganglion cyst, plica radio-humeral, impinge-
ment, or posterior interosseous nerve entrapment. It was decided 
in advance to include patients with previous cortisone injections, 
concomitant neck pain, and/or fibromyalgia. In this way, despite 
the risk of heterogeneity, a larger population that most closely re-
sembled the population encountered in everyday orthopedic 
practice was eligible for inclusion. 

Treatment 
All patients underwent ultrasound-standardized autologous 
blood injection. The skin was first anesthetized with 3 mL lido-
caine in a sterile condition. Subsequently, the depth and location 
of the ECRB were measured by ultrasound (Philips CX50, Eind-
hoven, the Netherlands). During the ultrasound, the patient sat 
in a relaxed position, with the arm resting on a table at shoulder 
height and an elbow flexion of 90°. Depth was defined on screen-
shots of the ultrasound by placing one marker at the middle of 
the tendon and the other marker at the skin. The intended loca-
tion was marked on the skin with a cross. 

From the unaffected arm, 1 mL blood was obtained by venous 
puncture. This autologous blood was reinjected within 5 minutes 
in the affected elbow using an Instant Tennis Elbow Cure (ITEC; 
ITEC Medical BV, Enschede, the Netherlands) device containing 
an injection disposable with 12 small needles. This device was 
developed to support standardized perforation using laser align-
ment and depth regulation. The 12 needles were arranged in a 
3 × 4 formation and adapted to the anatomy of the ECRB. The 
depth of the needles was set to match the ultrasound measured 
depth. After the skin was washed with alcohol, the 12 needles 
were positioned above the ultrasound-determined location and 
were pushed down to perforate the skin and tendon (Fig. 1). 
During the perforation, 0.5 mL autologous blood was injected 
into the tendon via the needles. Subsequently, the needles were 
lifted, the injection disposable removed, and the injection site 
was covered with an adhesive plaster. 

Patients were informed about stiffness of the treated elbow. 
Rest was recommended; however, there were no restrictions on 
movement other than symptom-causing activities. Any compli-
cations during or directly after treatment were recorded. All pa-
tients were treated by the same dedicated physician, trained in 
performing this treatment. 
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Outcome Measures 
Outcomes were measured at baseline and two months after treat-
ment. The primary outcome was the Patient-Rated Tennis Elbow 
Evaluation (PRTEE) [22]. Secondary outcomes were subjective 
elbow score (SES) [23], palpation and provocation pain, satisfac-
tion of treatment (four items), and complications of treatment. 
Baseline characteristics of age, sex, dominant arm, duration and 
possible cause of complaints, previous elbow treatment, concom-
itant neck pain, and fibromyalgia were also recorded. 

The PRTEE is a validated questionnaire that assesses pain and 
functionality of the affected elbow during the previous week on a 
scale of 0–10. The questionnaire contains 15 questions including 
five about pain and 10 about functionality. When a patient is not 
able to perform an activity because of elbow pain, the item 
should be scored as “10,” as higher scores indicate greater pain 

and disability [22]. The minimal detectable change of the PRTEE 
was previously determined in a Dutch study at 9 points; there-
fore, clinically relevant improvement change was set at ≥ 11 
points [22]. 

The SES is a single item self-completed measure in which pa-
tients are asked to grade their elbow as a percentage of a normal 
elbow (100%). The minimal clinical important difference of this 
value is unknown; however, based on the literature, a change of 
20 points was adopted as an obvious change in outcome [23]. 

Pain during palpation and provocation pain were measured 
using a 4-point Likert subscale with the following scores: none, 
mild, moderate, or severe pain. Satisfaction was measured using 
four items with a 7-point Likert scale: (1) How has your overall 
daily functioning changed since the treatment on your elbow? (2) 
The pain around my elbow is reduced by the treatment. (3) I am 
satisfied with the result of the treatment. (4) If I need treatment 
again, I would choose this treatment again. The answer options 
varied between “very much deteriorated” and “very much im-
proved” to “totally disagree” and “totally agree.” 

Statistical Analysis 
Data were analyzed using IBM SPSS ver. 24 (IBM Corp., Ar-
monk, NY, USA). Paired t-tests were used for calculating signifi-
cant differences between the PRTEE score and SES pre- and 
post-treatment. Fisher’s exact tests were used for determining the 
differences in provocation and palpation pain pre- and post-treat-
ment. A p-value <0.05 was considered significant. Linear regres-
sion analysis was used to determine the influence of concomitant 
neck pain and fibromyalgia on the PRTEE outcome score. 

RESULTS 

During the inclusion period, the treatment was performed in 65 
unique patients. Ten patients were, despite our effort, lost to fol-
low-up for the post-treatment evaluation and excluded from anal-
yses (Fig. 2). The mean time between the pre- and post-treatment 
was 11.1 weeks (standard deviation [SD], 8.9 weeks) (Table 1). 

Complications 
Four patients reported a complication after treatment including 
spontaneous hematoma, severe pain and tightness around the el-
bow, severe pain and a swollen arm, and numb feeling in the 
middle finger. None of the patients received additional treatment 
in response to the complication. In addition, the treating physi-
cian experienced a few complications with the performance of 
the device as the injection disposable failed three times, once 
each in three patients. In all three instances, the injection dispos-

Fig. 1. Image showing the medical device containing the injection 
disposable with 12 small needles in blue. The depth of the needles 
was set to match the ultrasound measured depth. The needles are 
pushed down with a handle. During perforation, autologous blood is 
injected into the tendon via the needles. Subsequently, the needles 
are lifted, and the injection disposable is removed.
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Table 1. Patient demographics

Variable Included in analysis 
(n= 55)

Age (yr) 48.8± 9.4 (35–88)
Sex
  Female 35 (63.6)
  Male 20 (36.4)
Dominant arm
  Right 50 (90.9)
  Left 5 (9.1)
Affected arm
  Right 38 (69.1)
  Left 17 (30.9)
Fibromyalgia
  Yes 5 (9.1)
  No 50 (90.9)
Concomitant neck pain
  Yes 15 (27.3)
  No 31 (56.4)
  Unknown 9 (16.4)
Duration of complaints
  < 6 mo 4 (7.3)
  6–12 mo 16 (29.1)
  1–2 yr 24 (43.6)
  > 2 yr 11 (20.0)
Cause of complaints
  Unclear 28 (50.9)
  Trauma 4 (7.3)
  Overuse 23 (41.8)
Time between pre- and post-treatment (wk) 11.1± 8.9 (4–54)
Values are presented as mean±standard deviation (range) or num-
ber (%).

Table 2. Primary and secondary outcome measures (n=55)

Variable Pre-treatment Post-treatment p-value
PRTEE
  Subdomain pain (0–50) 34.6± 7.0 26.7± 12.4 < 0.001
  Subdomain function (0–50) 33.6± 10.3 26.5± 14.3 0.001
  Total score (0–100) 68.2± 15.7 53.2± 25.9 < 0.001
  Subjective elbow score (0–100) 36.9± 20.8 51.7± 27.4 < 0.001
Palpation pain < 0.001
  None 1 (1.8) 7 (12.7)
  Mild 7 (12.7) 18 (32.7)
  Moderate 24 (43.6) 9 (16.4)
  Severe 23 (41.8) 18 (32.7)
  Missing - 3 (5.5)
Provocation pain < 0.001
  None 0 13 (23.6)
  Mild 11 (20.0) 16 (29.1)
  Moderate 23 (41.8) 10 (18.2)
  Severe 21 (38.2) 9 (16.4)
  Missing - 7 (12.7)
Values are presented as mean±standard deviation or number (%).
PRTEE: patient-rated tennis elbow evaluation.

able was blocked while pushed down and needed to be replaced 
before skin perforation. 

Patient-Rated Tennis Elbow Evaluation 
The mean pre- and post-treatment PRTEE scores are presented 
in Table 2. The mean improvement in total score was a decrease 
of 14.7 (SD, 22.5) points on a 0–100 scale. At follow-up, 44.7% of 
the patients showed relevant clinical improvement and 8.5% 
showed relevant clinical deterioration (Fig. 3). Linear regression 
analysis showed that concomitant neck pain and fibromyalgia 
did not influence the PRTEE outcome score. 

Secondary Outcomes 
The mean SES pre-treatment and post-treatment scores are pre-
sented in Table 2. The mean improvement was 14.6 points on a 
0–100 scale, which was below the a priori defined threshold of 20 

Fig. 2. Flowchart of the included patients. 

72 Treatments

65 Unique patients 10 Patients lost to follow-up

55 Patients included in analysis

7 Patients treated twice  
(second treatment excluded)
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points. With this threshold, 9.8% of the patients were classified 
with a worse condition, and only 37.3% were classified as im-
proved post-treatment Fig. 3. Both palpation and provocation 
pain were significantly different after treatment (p < 0.001). Four 
questions were asked of each patient to determine satisfaction 
with treatment (Table 3). Concerning function, 56.4% indicated 
slightly to very much improved. Pain was reduced in 45.4% of 
patients, and 45.4% were satisfied with the treatment, while 
58.2% of patients would choose this treatment again. 

DISCUSSION 

Here, we evaluated pain, daily functioning, and possible compli-
cations using the ITEC device in patients with LE. The mean im-
provement in PRTEE total score was a decrease of 14.7 points on 
a 0–100 scale, which was larger than the clinically relevant im-
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Fig. 3. Changes in patient-rated tennis elbow evaluation (PRTEE) 
and subjective elbow score (SES) divided into three categories: worse, 
stable, and improved. A worse PRTEE change score was defined as 
an increase >12 points, stable as a change score between –11 and 11 
points, and improved as a change score <12 points. A worse SES was 
defined as a decrease >20 points, stable as a change score between 
–19 and 19 points, and improved as a change score >20 points. 

Table 3. Results of satisfaction

Item Answer option Percentage Percentage positive,  
neutral, or negative

How has your overall daily functioning changed since the treatment 
on your elbow?

Very much deteriorated 1.8 9.1

Strongly deteriorated 7.3
Slightly deteriorated 0
Neither improved nor deteriorated 30.9 30.9
Slightly improved 23.6 56.4
Strongly improved 16.4
Very much improved 16.4

The pain around my elbow was reduced by the treatment. Totally disagree 12.7 32.7
Strongly disagree 5.5
Slightly disagree 14.5
Neither agree nor disagree 18.2 18.2
Slightly agree 16.4 45.4
Strongly agree 14.5
Totally agree 14.5

I am satisfied with the result of the treatment. Totally disagree 20.0 41.9
Strongly disagree 5.5
Slightly disagree 16.4
Neither agree nor disagree 9.1 9.1
Slightly agree 12.7 45.4
Strongly agree 10.9
Totally agree 21.8

If I need treatment again, I will choose this treatment again. Totally disagree 16.4 25.5
Strongly disagree 3.6
Slightly disagree 5.5
Neither agree nor disagree 12.7 12.7
Slightly agree 18.2 58.2
Strongly agree 5.5
Totally agree 34.5
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provement change of 11 points. Despite this, 46.8% of the pa-
tients were stable and 8.5% showed deterioration. Therefore, the 
mean improvement of 14.7 points represented less than half of 
the patients. The same was seen in two of the four satisfaction 
items, where only 45.4% of the patients were positive about pain 
reduction or satisfied with the treatment. Concerning change in 
functional improvement, a small majority was positive (56.4%) 
compared to 30.9% that indicated no improvement or deteriora-
tion and 9.1% that indicated deterioration. When asking if pa-
tients would opt for this treatment again, 58.2% indicated that 
they would and 25.5% indicated that they would not. This per-
centage is higher than the percentage of patients that were satis-
fied. This might be explained by the hope that they will benefit 
from a second treatment. The SES showed a significant improve-
ment of 14.6 points on a 0–100 scale. This change was below the 
defined threshold of 20 points. The minimal clinically relevant 
change for this score is not yet determined and, therefore, this 
threshold might be too high. With this threshold, only 37.3% of 
patients indicated improvement post-treatment.  

The general impression of this cohort study was that only half 
of the patients experienced a positive effect of the ultrasound-stan-
dardized autologous blood injections. This is in accordance with 
previous results of other non-operative treatments such as physical 
therapy; bracing; NSAIDs; injections with cortisone, botulinum 
toxin, or autologous blood; and/or PRP [6,10-12,24]. A placebo 
effect and the self-limiting course of the illness might have played 
a role in this improvement. 

The literature has shown lower accuracy of unguided injec-
tions compared to ultrasound-guided injections [15-20]. The 
lower accuracy might result in suboptimal treatment outcomes. 
The ultrasound-standardized method used in this study partly 
resolves this issue. With this method, ultrasound was used to de-
termine the optimal location and depth of the injection before 
administration. However, during injection, ultrasound was not 
used and there was no certainty about the accuracy of the loca-
tion. A large area was injected because of the injection disposable 
with 12 needles. This might result in a margin of error regarding 
location, which might benefit the accuracy. 

Patients in this study showed some complications after treat-
ment. Skin reaction and local injection site pain are known side 
effects of autologous blood injections [9]. Furthermore, in a clin-
ical setting, physicians need to be able to rely on the device, 
which was not always the case in this study. With three patients, 
the injection disposable was dysfunctional and needed to be re-
placed during treatment. This involved extra time and cost. 

There are several limitations of this study. The primary limita-
tion is that there was no control group. It was a deliberate deci-

sion to first perform a cohort study, instead of a randomized 
controlled trial, to assess the feasibility and practicability of the 
ultrasound-standardized method in our clinic. After this cohort 
study, we are not convinced of the added value of this ultra-
sound-standardized injection method. Randomized controlled 
trials with a longer follow-up are needed to provide a definite an-
swer about the added value of ultrasound-standardized injections 
in patients with LE compared to free hand injections. As men-
tioned before, with the current method, ultrasound was used to 
determine the optimal location and depth of the injection before 
the injection was given. The lack of ultrasound guidance during 
the injection is, in our opinion, a major limitation of this device 
as there is no certainty about the depth and accuracy of the loca-
tion. 

The included cohort was heterogeneous, most closely resem-
bling the normal LE population encountered in everyday ortho-
pedic practice. It could be that previous cortisone injections 
might have interfered with the outcomes. Nevertheless, in this 
study, concomitant neck pain and fibromyalgia did not influence 
the PRTEE outcome score. In future studies, these factors might 
be considered as exclusion criteria to create a more homogeneous 
study group [25]. 

The wide range (4–54 weeks) between follow-up visits was 
also a limitation. Patients with LE are in general an unreliable 
patient group regarding visit and therapy compliance. Some pa-
tients that showed positive progress were reluctant to make an 
appointment for the post-treatment visit. On the other hand, 
patients with disappointing results did not want to wait eight 
weeks for additional treatment and came back earlier than the 
predetermined follow-up window or did not want to come back 
at all. This explains the high loss of patients to follow-up. In fu-
ture studies, it is recommended to maintain the follow-up win-
dow more strictly, especially because LE is a self-limiting condi-
tion usually resolving over a 12- to 18-month period without 
treatment [24]. 

The last limitation concerns the PRTEE score. Several patients 
did not respond to items about sport and work or answered the 
questions incorrectly. Instructions were to score an item “10” 
(worse score) when it could not be performed because of elbow 
pain and to leave the item blank when the item was not per-
formed. However, some patients left items blank when “10” 
should have been answered, and some answered “0” (no problem 
or pain) for incorrect items. Most of these issues were resolved 
immediately by the physician. Nonetheless, when using the 
PRTEE in research or clinical setting, it should be kept in mind 
that patients might not be able to fill out this questionnaire inde-
pendently.  
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Ultrasound-standardized autologous blood injection using the 
ITEC device is not an effective tool in reducing symptoms related 
to LE. This study shows that only half of the patients experienced 
a positive effect. This heterogeneous cohort of patients showed 
no added value of ultrasound-standardized injections. 
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