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Mean ge=47 and see improvement in 
change (GIC) 

than other groups in improving 
PFG, PPT 
 

clinical trial  

Struijs 2004 7/10 n=180 (151M/29F) 
Mean age=45 

Exs +MT (9) v brace v brace + Exs +MT 
(9) 

GIC, VAS, PFG Conflicting results, no 
advantage of combined PT 
+Exs+MT over other groups 

No control group,  

Smidt 2002 8/10 n=185 (92M/93F) 
Mean age=47 

CSI (elbow) (3) v Exs+US (9) v wait and 
see 

GIC, NPRS,PFG Exs+US show superior 
treatment effect compared to 
other groups 

Pragmatic randomised 
clinical trial  

Svernlov 2001 4/10 n=38 (19M/11F) 
Mean age=42 

Ecc exs) +band (12 weeks) v Contract-
relax stretching+band (12 weeks) 

VAS, PFG  Ecc exs found superior to 
stretching in reducing 
symptoms 

Effects of the band 
not analysed  

Olaussen 2015 
 

7/10 n=177 (106/71F) 
Mean age=47 

PT (friction massage+MT+Ecc.exs 
(12)+CSI (2) v placebo injection+PT v 
wait and see  

GIC (success), VAS, 
PFG 

Placebo injection+PT showed 
no added beneficial effect 
compard to other treatments 

Participants were not 
blinded to PT 
treatment 

Wen 2001 3/10 n=28 (15M/13F) 
Mean age=48 

Ecc exs (18) v Stretching (12 
weeks)+iontophoresis +pulsed US (1)  
 

VAS, grip strength No significant difference 
between treatment groups 

Small sample size, 
multiple treatment 
programs in the 
control group 

Manual therapy 
Viswas  
2011 
 

6/10 n=20 (10M/10F) 
Mean age=38 

Ecc exs (12) v friction massage with mills 
manipulation (10)  

VAS, TEFS Ecc exs better than friction 
massage with mills 
manipulation 

No control group and 
follow up data 

Coombes  
2013 

8/10 n=165 (102M/63F) 
Mean age=49 

PT (Exs  + MWM) ( 8 weeks) v CSI+ PT v 
placebo CSI injection 

PRTEE, VAS, 
EuroQol, Tampa, 
PPT, PFG 

PT + CSI did not show 
significant difference 

Single CSI or placebo 
injection 

Cleland  
2005 

5/10 n=10 (6M/5F) 
Mean age=40 

PT (Ecc & Con exs) + MT (elbow, wrist) 
(10) v PT +MT (cervical& thoracic spine 
(10) 

NPRS, DASH PT+MT (Cervical + is effective 
than PT +MT (elbow, wrist) in 
improving outcomes 

Small sample size, 
Non-blinded assessor 

Carnero 
2008 

5/10 n=10 (5M/5F) 
Mean age=42 

MT to cervical spine (2 ) v manual 
contract intervention (MCI) 

PFG, PPT, HPT, CPT MT to cervical spine better 
than MCI in improving PPT, 
PFG 

Only immediate but 
not long-term effect 
of MT observed 

Nourbaksh  
2008 

6/10 n=23 (6M/5F) 
Mean age=51 

Oscillating energy manual therapy 
(OEMT)  (6) vs placebo 

NPRS, grip strength,  OEMT showed greater 
improvement in pain and grip 
strength 

Small sample size, 

Paungmali  
2003 

8/10 n=24 (17M/7W) 
Mean age=48 

MWM (elbow) (1) v Placebo v Control PPT, PFG, Thermal 
pain threshold 

MWM more effective than 
other groups in improving 
PFG,PPT 
 

Small sample size; 
Only immediate but 
not long-term effect 
of MT observed 
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3.7.3 Prolotherapy injections+PT (Combined)  

Participants in the Combined group received combined treatment protocol of prolotherapy 

injections and physiotherapy treatments as described above. 
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Fig 3.1 Flow diagram of participants through the study. 
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supine lying, and the mechanical pressure was applied via a probe (area of 1 cm2) 

perpendicular to the skin at a constant rate of 40kPa/sec until the participant reported the 

first sensation of pain. PPT was defined as the amount of pressure (kPa) required for the 

first onset of pain, and the average of three consecutive PPT measurements was then used 

for further analyses. The intra-tester reliability for PPT using this digital algometer is ICC 

> 0.7, and a standard error of measurement of 7.08 kPa, for both healthy individuals and 

patient populations (Vicenzino et al., 2001; Coombes et al., 2013). The threshold value of 

1.15kg/cm2 (112.7 kPa) is considered as the minimum clinically important difference 

(MCID) for PPT (Calvo Lobo et al., 2017). 

3.12.3 Thermal pain (Heat and Cold) thresholds 

Thermal (Heat and Cold) pain thresholds (HPT, CPT) were tested using the 

Thermosensory Analyser (TSA-II, Medoc, Ramat-Yishai, Israel). Heat and cold stimuli 

were provided at a constant rate of 1°C/sec from a baseline temperature (32°C) via a 

Peltier 30 x 30 mm thermode to the skin over the lateral elbow (Figure 3.4 (B)). CPT and 

HPT were recorded as the minimum temperature (°C) used to evoke cold or heat pain 

perception using the method of limits. The average value of the three trials was then used 

for further analyses. High inter-rater reliability has been reported for both HPT (ICC 0.87) 

and CPT (ICC 0.89) (Paungmali et al., 2012). 
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Figure 3.4 (A) Pressure pain threshold measurement (B) Heat and cold pain threshold 
measurement 

 

3.12.4 Vibration Detection Threshold (VDT) 

VDT of the distal phalanx of the middle finger was measured with the participant seated, 

using a vibrometer, which was attached to the TSA-II (VSA 3000, Medoc, Ramat-Yishai, 

Israel). VDT (µm) was recorded as the perception threshold where the participant first 

perceived the vibration. Five measures of VDT were averaged and used in further 

analyses. VDT has high test-retest reliability (ICC 0.86) (Felix et al., 2009). 

3.12.5 Technical implications 

Considerable attention to detail and focus from the participant is required during testing, 

as sensory perception may be altered by small changes to the testing procedure (Zaslansky 

et al., 1998). For example, a lack of attention from the participant during the pain 

threshold tests may result in an invalid response (Nothnagel et al., 2017). Evidence 

suggests that QST is prone to bias related to the attention, motivation, and cognitive 

processing ability of participants (Zaslanksy et al., 1998). A familiarisation procedure is 
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recommended, whereby the participant is orientated to the test stimuli in a non-painful 

range and on another body area, prior to the baseline measurement, to reduce anxiety 

levels in participants associated with the QST procedures (Cathcart et al., 2006). 

3.12.6 QST findings in LE 

Wright and colleagues first identified widespread changes in sensory/pain perception in 

people with unilateral LE, providing evidence for the presence of secondary hyperalgesia 

in this population (Wright et al., 1994). Later studies have provided further evidence of 

local and widespread sensory abnormalities in chronic LE, including bilateral cold pain 

hyperalgesia, unilateral heat pain hyperalgesia and vibration stimulus detection 

abnormalities (Leffler et al., 2000; Carnero et al., 2009; Lim et al., 2012; Coombes et al., 

2012, 2015). Furthermore, Coombes and colleagues performed a post hoc analysis of 

randomised clinical trial data and reported that the presence of bilateral cold hyperalgesia 

was a risk factor for a poorer prognosis in LE (Coombes et al., 2012). 

 

There is limited evidence for the effectiveness of physiotherapy treatment including 

manual therapy and exercises therapy in improving QST assessed sensory abnormalities in 

LE. A series of randomised double-blinded placebo-controlled studies from Vicenzino et 

al. documented that specific manual therapy skills (Mulligans MWM) to the cervical spine 

(C5/6) and elbow produced mechanical hypoalgesia (increased threshold to PPT) and 

improved PFG via activation of the endogenous descending pain inhibitory system 

(Vicenzino et al., 1998, 2001; Paungmali et al., 2003; Carnero et al., 2011). The 

hypoalgesic effect induced by manipulation is also considered as a multifaceted process 

involving the joints, peripheral nociceptors, segmental inhibitory mechanisms and 

psychological factors (Wright et al., 1995). In addition, Slater et al. reported significant 

bilateral hyperalgesia in response to saline-induced muscle pain in LE compared to 
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Table 4.2 Mean ±SD of clinical and sensory measures for dichotomised greyscale US outcomes for the affected (N = 66) and unaffected side (N = 56) 

US parameter Duration of 
condition, 
weeks 

PRTEE,  
/100 

Resting pain,  
/100 

Worst pain,  
/100 

PFG, Newtons 
 
 

EQ-5D, /100 
 

PPT, kPa HPT, °C 
n = 66 (AF) 
n = 56 (UAF) 

CPT, °C 
n = 66 (AF) 
n = 56 (UAF) 

VDT, µm/s 
n = 66 (AF) 
n =56 (UAF) 

Hypoechogenicity 
Mild           
AF, n = 18 52.0 ± 61.8 30.6 ± 8.3 13.3 ± 15.7 67.7 ± 21.2 135.2 ± 83.2 81.1 ± 10.6 270.8 ± 104.8 46.0 ± 3.3 11.7 ±11.0 1.6 ± 0.8 
UAF, n = 30 - - - - 239 ± 97.9 - 364.5± 126.2 47.3 ±3.4 6.6 ±9.4 1.3 ± 0.9 
Severe           
AF, n = 48 35.8 ± 45.9 30.9 ± 10.2 18.5 ±16.3 66.8 ± 23.6 157.0 ±103.1 82.8 ±14.3 248.2 ±108.7 46.8 ±3.4 8.4 ±10.9 1.6 ±1.2 
UAF, n = 25 - - - - 291.3 ±108.8 - 380.4 ±150.7 47.7 ±2.4 8.1 ± 9.2 1.9 ±1.3 
Neovascularity 
Absent           
AF, n = 54 40.3 ± 54.0 31.1 ±10.6 17.4 ±15.6 67.4 ±20.1 141.6 ± 95.2 80.9 ±13.9 252.8 ±108.8 46.3 ±3.6 10.8 ±11.4 1.5 ±1.2 
UAF, n = 48 - - - - 255.6 ±101.4 - 383.8 ± 141.5 47.5 ±2.1 7.1 ± 8.9 1.6 ±1.1 
Present           
AF, n = 12 39.5 ± 34.5 29.7 ± 7.1 15.8 ± 19.2 65.8 ±29.9 192.5 ±103.2 89.0 ± 7.8 264.2 ± 104.0 48.1 ± 1.8 2.4 ±3.9* 1.7 ± 0.8 
UAF, n = 7 - - - - 314.4 ±124.9 - 292.1 ± 57.8 47.4 ± 2.6 8.6 ± 12.4 1.5 ± 1.1 
Insertional bony abnormalities 
Absent           
AF, n = 18 37.2 ± 44.7 27.5 ± 7.4 8.8 ± 14.0 64.4 ± 21.2 162.9  ± 93.9 78.8 ± 11.5 248.9 ± 117.3 46.4 ± 3.4 8.8 ±10 1.4  ±0.8 
UAF, n = 27 - - - - 234.9 ±101.3 - 354.0 ± 126.6 47.1 ± 2.0 7.0 ± 9.6 1.2 ± 0.7 
Present           
AF, n = 48 41.3 ± 53.2 32.1 ± 10.2 20.2 ± 16.0* 68.1 ± 23.5 146.4 ± 99.3 83.7 ± 13.9 257.2 ± 104.1 46.7 ± 3.4 9.5 ± 11.2 1.6 ± 1.2 
UAF, n = 29 - - - - 288.4 ±104.0 - 390.0 ±146.6 47.9 ± 2.1 7.5 ± 9.0 1.9  ±1.3* 
* Significant difference between US sub-groups; P<0.05; US = ultrasound; PRTEE = Patient-Rated Tennis Elbow Evaluation; PFG = pain-free grip strength; EQ-5D: 
EuroQol EQ-5D quality of life questionnaire; PPT = pressure pain threshold; HPT = heat pain threshold; CPT =  cold pain threshold; VDT = vibration detection 
threshold; AF = affected side; UAF = unaffected side. 
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Table 5.1 Baseline characteristics for prolotherapy injections, COMB (Prolotherapy + PT) 
and physiotherapy groups. Values are Mean ± SD / n (%); (n = 120) where applicable 

Characteristics 
All 

(n = 120) 
Prolotherapy  

(n = 40) 
COMB 
(n = 40) 

Physiotherapy 
(n = 40) 

Age (years) 48.7 ± 7.7 48.7 ± 7.1 47.1 ± 6.8 50.5 ± 9.0 
Duration of pain (weeks) 42.7 ± 63.5 45.8 ± 71.7 42.0 ± 64.4 40.5 ± 54.7 
Gender, Women 52 (43) 18 (45) 18 (45) 16 (40) 
Employment,     
Manual work 45 (37.5) 11 (27.) 15 (37.5) 19 (47.5) 
Non-Manual work 59 (49.2) 25 (62.5) 19 (47.5) 15 (37.5) 
Not working 16 (13.3) 4 (10) 6 (15) 6 (15) 
Previous episode of LE, N 
(%) 40 (33.6) 12 (30) 15 (37.5) 13 (33.3) 
Affected side,     
Right 71 (59.2) 28 (70) 24 (60) 19 (75) 
Left 30 (25) 6 (15) 18 (45) 18 (45) 
Bilateral 19 (15.8) 6 (15) 10 (25) 3 (7.5) 
Dominant side affected, 
Right 86 (78.2) 32 (88.9) 22 (57.9) 32 (88.9) 
Clinical outcomes     
Duration of pain (weeks) 42.7 ±63.5 45.8 ±71.7 42.0 ± 64.4 40.5 ± 54.7 
PRTEE 0-100     
Tendon structural measures 
Hypoechogenicity  
Grade 1 2 (1.7) 2 (1.7) - - 
Grade 2 25 (20.8) 10 (25) 11 (27.5) 4 (10) 
Grade 3 93 (77.5) 28 (70) 29 (72.5) 36 (90) 
Neovascularity     
Grade 0 102 (85.8) 34 (85) 37 (92.5) 31 (77.5) 
Grade 1 15 (12.5) 5 (12.5) 3 (7.5) 8 (20.0) 
Grade 2 1(0.8) 1 (2.5) - - 
Grade 3 1 (0.8)  - - 
Presence of bony 
abnormalities 89 (74.2) 27 (67.5) 28 (70.0) 34 (85.0) 
TUSS, 0-8 4.6 ± 0.9 4.5 ± 1.0 4.5 ± 0.8 5.0 ± 0.8 
LTT, mm 6.1 ± 0.8 5.9 ± 0.8 6.0 ± 0.7 6.4 ± 0.8 
TTT, mm 5.6 ± 0.7 5.6 ± 0.8 5.4 ± 0.7 5.8 ± 0.7 
PT = physiotherapy; Combined = prolotherapy injections+PT; COMB (prolotherapy injections+PT) = 
prolotherapy injections and physiotherapy; TUSS = total ultrasound scale score; LTT = longitudinal 
tendon thickness; TTT = transverse tendon thickness; PRTEE = Patient-Rated Tennis Elbow Evaluation 
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Figure 5.4 Change in mean Patient-Rated Tennis Elbow Evaluation score (PRTEE) and in 
mean total ultrasound scale score (TUSS). Data presented as mean (standard error). 
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Figure 5.5 Change in mean Patient-Rated Tennis Elbow Evaluation score (PRTEE) and in 
Longitudinal Tendon Thickness (LTT) over time. Data presented as mean (standard error). 
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US evaluation of common extensor tendon at 52 weeks using TUSS showed improvement 

in tendon structural abnormalities including reduced hypoechogenicity, improved fibrillary 

pattern, reduced neovascularity and bony abnormalities for all groups with significant 

association with PRTEE over time. The mean reduction in TUSS scores at 52 weeks 

compared with those at baseline for all the groups ranged from 1 to 1.4 points using 8-

point TUSS. In the absence of published MCID values, the results of other trials using the 

same outcome measures can be compared (Katz et al., 2015). The effect size for TUSS 

exceeds that of other studies using a similar outcome measure (i.e., aggregate US rating 

scale) (Poltawski et al., 2012; Connell et al., 2009). Furthermore, the mean reduction in 

longitudinal and transverse tendon thickness at 52 weeks for all groups compared to 

baseline ranged from a mean 0.8 mm to 1.4 mm and 1.1 to 1.2 mm respectively. In 

particular, PT and prolotherapy injection groups respectively demonstrated a greater mean 

reduction in longitudinal (1.4 mm) and transverse tendon thickness (1.2) compared to 

Combined groups at 52 weeks. The large effect size for tendon thickness in our trial 

exceeds that of other studies (Connell et al., 2009, 2006) and the calculated MDC values 

(Table 3.3) for longitudinal (0.61 mm) and transverse tendon thickness (0.76 mm) in our 

trail. Consequently, the present study findings provide evidence of the clinical value of US 

assessed tendon abnormalities and tendon thickness which could contribute to the 

diagnosis of LE and evaluation of targeted treatment for tendon tissue. However, the lack 

of a significant difference between treatment groups limits our ability to determine the 

superiority of one treatment over other. 

 

The pattern of difference in PRTEE scores from baseline was consistent with TUSS. A 

minimal clinically important difference (MCID) of 8-13 points or 37% of baseline score 

for PRTEE scale of 100 (0= no disability) has been considered as the minimal clinically 

important difference (Poltawksi et al., 2011). We set a decrease of 13 points in the PRTEE 
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as the criterion for success of treatment. While at 12 weeks, prolotherapy injection 

achieved an MCID in PRTEE of approximately 23 points compared to other groups, all 

participants irrespective of treatment gained an MCID in PRTEE of approximately 28 

points at 52 weeks follow-up. In summary, both prolotherapy injection and PT treatments 

are an effective way in which to treat individuals with chronic lateral epicondylalgia, as 

demonstrated by a significant decrease in tendon structural and pain and function 

measures over the short- and long-term. 

 

This is the first randomised clinical trial to demonstrate both short- and significant long-

term improvement in common extensor tendon structure. Zeisig et al. (2008) have reported 

persistent structural abnormalities including grey scale changes on US at 2-year follow up 

in a small sample of 30 participants with LE who received an intra-tendinous injection of 

polidocanol and lignocaine (Zeisig et al., 2008). The contradictory study findings of Zeisig 

et al. (2008) may relate to the following factors: small sample size, not considering 

extratendinous treatments to facilitate remodelling of structural changes such as 

physiotherapy, US follow-up measures were performed only at just two-time points (i.e., 

baseline and 2-year) in a 2-year follow-up study and finally evaluation of structural 

abnormalities with subjective measures alone. Although not directly comparable, the 

insignificant MRI based tendon structural outcomes following prolotherapy injections 

treatment in Rabago et al. (2013) (Rabago et al., 2013) possibly highlights the importance 

of considering the US rather than MRI for visualising the internal architecture of tendon 

and monitoring the progressive tendon structural changes, mainly the tendon fibrillar 

alignment and vascularity (Docking et al., 2015). Further, the findings from three Korean 

studies in fact demonstrated the utility of US as an sensitive outcome measure in assessing 

treatment response and also as a significant prognostic indicator of outcomes following 

prolotherapy injections injection (Shin J et al., 2002; Park J et al., 2003; Kang S et al., 
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over time. Strengths include 1-year follow-up RCT study design, quantitative and 

qualitative assessments of tendon structural changes, minimal missing US images data and 

significant time and treatment x time effect for TUSS and LTT for all treatment groups. 
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Figure 6.1 Flow of participants through the study.  
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Table 6.1 Baseline characteristics for prolotherapy injections, COMB (Prolotherapy + PT) 
and physiotherapy (PT) groups. Values are mean ±SD; n (%), (N = 66) 

Characteristics 
All 
(n = 66) 

Prolotherapy  
(n = 22) 

Combined 
(n = 24) 

PT 
(n = 20) 

Age, years 50.5 ± 7.6 48.0 ± 7.2 48.9 ± 6.6 55.2 ± 7.2 
Gender, Women 25 (37.9) 8 (36.3) 11 (45.8) 6 (30.0) 
Employment     
Manual work 29 (43.9) 8 (27.5) 11 (38.0) 10 (34.5) 
Non-Manual work 32 (48.5) 12 (37.5) 12 (37.5) 8 (25) 
Not working 5 (7.6) 2 (40) 1 (20) 2 (40) 
Affected side     
Right 39 (59.2) 14 (57.1) 12 (30.7) 13 (33.3) 
Left 17 (25.7) 4 (28.6) 10 (21.7) 3 (27.3) 
Bilateral 10 (15.1) 4 (40) 2 (20) 4 (40) 
Dominant side affected, 
yes 43 (65.2) 15 (35) 14 (32.5) 14 (32.5) 
Tendon Structural Outcomes   
TUSS, 0-8 4.6 ± 0.9 4.4± 1.0 4.5 ± 0.9 4.9 ± 0.9 
LTT, mm 6.1 ± 0.8 6.0 ± 0.7 6.1 ± 9.7 6.3 ± 0.9 
TTT, mm 5.5 ± 0.6 5.4 ± 0.6 5.5 ± 0.7 5.6 ± 0.6 
Clinical outcomes  
Duration of pain, weeks 40.2± 50.8 32.8 ± 43.0 34.4 ± 55.3 55.3 ± 66.1 
PRTEE, 0-100 29.5 ± 8.8 30.8 ± 11.2 31.2 ± 9.6 29.5 ± 8.8 
GIC, 1-6 4.2 ± 0.7 4.3 ± 0.9 4.1 ± 0.5 4.2 ± 0.9 
PFG, Newtons 136.5  ± 97.9 136.5 ± 77.2 140.3 ± 68.1 163.7 ± 126.3 
Sensory outcomes   
PPT, kPa (N = 120) 272.7 ± 108.8 257.3 ± 130.2 222.9 ± 113.0 272.7 ± 108.8 
CPT, °C  9.3 ± 10.9 10.0  ± 13.3 11.2  ± 11.1 9.7  ± 10.7 
HPT, °C  46.6 ± 3.4 47.0 ± 2.9 45.1 ± 4.7 46.1 ± 3.6 
VDT, µ/s 1.8 ± 1.8 1.3  ± 0.4 2.1 ± 1.7 1.7 ± 1.3 
PT = physiotherapy; Combined = prolotherapy injections+PT; COMB (prolotherapy injections+PT) = 
prolotherapy injections and physiotherapy; TUSS = total ultrasound scale score; LTT = longitudinal 
tendon thickness; TTT = transverse tendon thickness; PRTEE = Patient-Rated Tennis Elbow 
Evaluation; PFG = pain free grip strength; GIC = global impression of change scale; PPT = pressure 
pain threshold; CPT = cold pain threshold; HPT = heat pain threshold; VDT = vibration detection 
threshold. 

 

6.3.2 Within-group differences 

Wilcoxon signed-rank test revealed significant improvement in all sensory and clinical 

measures from baseline with the exception of CPT. Combined and the prolotherapy 

injection group had a greater number of sensory and clinical measures significantly (P < 

0.05) improved from baseline compared to PT (Table 6.2). Participants in PT group 

demonstrated significant improvement in CPT (negative change score; -2.6 ± 9.4) from 

baseline compared to prolotherapy and Combined group that showed worsening of CPT 
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Chapter 7 Exploring the prognostic value of ultrasound 
observed tendon abnormalities in people with chronic lateral 
epicondylalgia 
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Table 7.1 Baseline characteristics for prolotherapy injections, COMB (Prolotherapy + PT) 
and physiotherapy (PT) groups. Values are mean ± SD ± n (%). 

Characteristics 
All 

(n = 120) 
  Prolotherapy 

(n =40) 
COMB 
(n = 40) 

          PT 
(n = 40) 

Age (years) 48.7 ±7.7 48.7 ±7.1 47.1 ±6.8 50.5 ±9.0 
Gender, Women 52 (43) 18 (45) 18 (45) 16 (40) 
Employment,     
Manual work 45 (37.5) 11 (27.) 15 (37.5) 19 (47.5) 
Non-Manual work 59 (49.2) 25 (62.5) 19 (47.5) 15 (37.5) 
Not working 16 (13.3) 4 (10) 6 (15) 6 (15) 
Previous episode of LE, 
 N (%) 40 (33.6) 12 (30) 15 (37.5) 13 (33.3) 
Affected side,     
Right 71 (59.2) 28 (70) 24 (60) 19 (75) 
Left 30 (25) 6 (15) 18 (45) 18 (45) 
Bilateral 19 (15.8) 6 (15) 10 (25) 3 (7.5) 
Dominant side affected, 
Right 86 (78.2) 32 (88.9) 22 (57.9) 32 (88.9) 

  
Clinical outcomes  
Duration of pain, 
weeks   42.7 ± 63.5 45.8 ± 71.7 42.0 ± 64.4 40.5 ± 54.7 
PRTEE, 0-100  40.0 ± 14.1 41.2 ± 14.2 37.1 ± 10.8 41.7 ± 15.6 
GIC 1-6 4.03 ± 0.8 3.7 ± 0.8       4.2 ± 0.7 4.9 ±0.9 
PFG, kPa 148.5  ± 95.4 160.2 ± 109.8 135.3 ± 64.2 147.8  ±107.2 
EuroQol EQ-5D, /100 82.3 ± 13.7 83.1 ± 11.2 80.4 ± 16.9 82.1 ±13.7 

 
Tendon structural outcomes 
TUSS,0-8 4.5 ±0.9 4.5 ±1.0 4.5 ±0.8 5.0 ±0.8 
LTT, mm 6.1 ±0.8 5.9 ±1.3 6.0 ±0.7 6.4 ±0.8 
TTT, mm 5.6 ±0.7 5.6 ±0.8 5.4 ±0.7 5.8 ±0.7 

   
Sensory outcomes    
PPT, (kPa) 245.1 ±100.8 247.8 ±83.7 248.8 ±105.6 243.5 ±114.3 
CPT (°C)                    9.3 ±10.6 9.9 ±12.3 10.1 ±10.4 7.6 ±10.4 
HPT °C)                    46.6 ±3.4 47.0 ±2.9 46.0 ±4.0 46.9 ±3.1 
VDT (µ/s)    1.8 ±1.8 2.0 ±2.4 1.8 ±1.5 1.7 ±1.1 
PT = physiotherapy; COMB = prolotherapy injections+PT; TUSS = total ultrasound scale score; LTT 
= longitudinal tendon thickness; TTT = transverse tendon thickness; PRTEE = Patient-Rated Tennis 
Elbow Evaluation; PFG = pain-free grip; EuroQol EQ-5D: quality of life questionnaire; GIC = global 
impression of change scale. 
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Chapter 8 General discussion  
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8.7 Limitations 

In this thesis, the US scoring of tendon abnormalities for all the studies was performed by 

a single assessor which may be considered as problematic. The longitudinal nature of 

analysis of the US images suggests that there is a possibility the intra-rater reliability for 

the single assessor might fluctuate over time due to rater fatigue or differential accuracy 

over time (Wolfe et al., 2001). As such, variability in the interpretation and scoring of the 

tendon abnormalities may have varied over time. In order to minimise this potential 

variability, a random selection of images was re-scored after the full dataset had been 

scored and checked for consistency. However, no formal test-retest reliability was 

conducted and may be considered a limitation. 

 

In the two comparative treatment studies of this thesis (Chapters 5 and 6), the lack of a 

placebo or healthy control group may limit the conclusions drawn. The inclusion of 

healthy control participants is deemed beneficial for comparing the pathological tendon 

structural changes in individuals with LE and the normal adaptive structural changes in 

age- and/or activity-matched asymptomatic controls (de Jonge et al., 2015). Further, the 

inclusion of an asymptomatic control or placebo group in the study design could have 

given more insights about the effects of the single treatments of prolotherapy injections or 

physiotherapy on sensory outcomes compared to a control. However, we decided against 

the inclusion of a control (no treatment) group, as we were concerned that it would 

compromise the recruitment process of participants into the RCT. In addition, the RCT 

was designed as a pragmatic clinical trial by which we could directly compare the clinical 

effectiveness of a new treatment (prolotherapy) against a physiotherapy treatment which is 

well known to be superior to a control (no intervention) in improving clinical outcomes in 

the short-term (Bisset et al., 2006; Coombes et al., 2010). 
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Information Sheet & Consent Form 

 
Randomised Clinical Trial of Prolotherapy injections Injections and an Exercise Program Used Singly 
and in Combination for Refractory Tennis Elbow 
 
INFORMATION SHEET 
 

Who is conducting the research Michael Yelland MBBS, PhD 
Centre For Musculoskeletal Research 
Griffith Health Institute 
07-338-21358 
m.yelland@griffith.edu.au 
 
Leanne Bisset MPhty, PhD 
Centre For Musculoskeletal Research 
Griffith Health Institute 
 
Michael Ryan PhD 
Centre For Musculoskeletal Research 
Griffith Health Institute 
 
Jennifer Whitty PhD 
School of Medicine 
Griffith University 
 
Angus Ng PhD 
School of Medicine 
Griffith University 
 
David Rabago MD 
Department of Family Practice 
University of Wisconsin-Madison 

Why is the research being conducted? 
  
Tennis elbow is a common painful condition that can make it much harder to perform activities at work and 
in the home.  There is not a standard treatment for tennis elbow and uncertainty remains as to what is the 
best treatment for this condition.  
Exercise is a common, practical and inexpensive treatment.  Under the guidance of a physiotherapist, 
exercise-based treatments are commonly thought to be effective.   
 
Prolotherapy injections is the injection of a solution that will help the body begin healing through a process 
that creates inflammation, healing and strengthening of weakened tendons and ligaments.  There is some 
evidence that prolotherapy injections is effective for healing tendon injuries at other parts of the body, such 
as the ankle, foot, and even the elbow. However, prolotherapy injections has never been compared to 
exercise in a clinical trial on tennis elbow before.   
    
The following study is being carried out to test how well physiotherapy directed exercises can reduce pain 
and improve symptoms of tennis elbow compared to prolotherapy injections.  This study will also find out 
whether doing both treatments is better than doing either treatment alone.   
 
Description of Treatments Used in this Study  
 
This study requires participants to attend a clinic or clinics for treatment.  Depending on which group you 
are assigned to, participants are asked to attend either 4 or 8 of these treatment sessions that will take place 
on the Gold Coast or in the Brisbane area. Each treatment session will last 15 to 30minutes. 
 
Prolotherapy injections Injections 
Participants who are assigned to the prolotherapy injections group will be offered four injection treatments 
spaced 4 weeks apart. At each treatment the affected elbow ligaments and tendons will be injected with a 
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Clinical Screening Form 
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You may find that a forearm brace available from your local pharmacy, will decrease your elbow 
pain during activity. You are able to use this if it provides relief. 
 
Above all, avoid or modify as best you can, any activities that increases your elbow pain, 
especially those that increase your pain for longer than a few minutes. 
 

 
 

PHYSIOTHERAPY TREATMENT OF TENNIS ELBOW 

Physiotherapy treatment aims to reduce pain and promote healing and strengthening of the muscles 
and tendons around the elbow and arm, and involves 4 treatment sessions at weekly intervals. The 
treatment will consist of some manual therapy techniques and exercises which will be taught to you, 
re-examined, and progressed as appropriate, at each session. 
 

ARE THERE ANY SIDE EFFECTS TO PHYSIOTHERAPY? 

The main aim of the physiotherapy treatment is to reduce your elbow pain so you can exercise and 
strengthen the affected muscles in a pain-free manner. Despite this, there are some occasions when 
you might experience a temporary and mild increase in elbow pain. Attempts should be made to 
minimise this increased pain through the use of taping, braces and over-the-counter medication 
which can be used between treatment sessions. 

 
For the findings of the study to be worthwhile, you must keep to the treatment to which you have 
been allocated. 
If you have any concerns or questions about the trial, please contact the chief investigator, 
Associate Professor Michael Yelland at Griffith University on: 
0404 072 209 or m.yelland@griffith.edu.au 
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3-Tier Ultrasound Image Rating Scale 

 



292 
 

 

 



293 
 

 

  



294 
 

Modified Total Ultrasound Image Rating scale 

Ultrasound feature Description Grading range Grading criteria Possible Maximum score 

Hypoechogenicity Ordinal 0 to 3 0 = normal ibrillar & 
hypoechoic structure 
 

3 

   1 = hypoechoic 
lesions affecting less 
than 30% of whole 
section of the tendon. 
 

 

   2 = hypoechoic 
lesions affecting more 
than 30% and less 
than 50% of the 
whole section of the 
tendon. 
 

 

   3 = single large or 
multiple hypoechoic 
lesions affecting more 
than 50% of the 
whole section of the 
tendon / high-grade 
tendinosis. 

 

Neovascularity Ordinal 0 to 3 0 = no detectable 
neovessels 
 

3 

   1 = neovessels 
detected in less than 
30% of the whole 
section of the tendon 
 

 

   2 = neovessels 
detected in more than 
30% but less than 
50% of the whole 
section of the tendon 
 

 

   3 = neovessels 
detected in more than 
50% of the whole 
section of the tendon 

 

     

Heterogeneity Dichotomous 1 or 0 1 = presence, 0 = 
absence 

1 

     
Bony abnormalities Dichotomous 1 or 0 1 = presence, 0 = 

absence 
1 

Total Ultrasound Scale Score  8 
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