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Door r 

Petruss Aloysius Adrianus Struijs 



I.. Op dit moment is de taak van een medicus bij een patiënt met een tenniselleboog beperkt 
tott het stellen van de diagnose en het verstrekken van adviezen. 

II .. Met betrekking tot de effectiviteit van orthoses voor patiënten met een tenniselleboog 
schiett de wetenschap tot op heden tekort. 

III .. Het meest optimale diagnosticum voor een tenniselleboog is het inzicht van de clinicus. 

IV.. Het meest optimale prognosticum voor een tenniselleboog is de extensor knijptest. 

V.. De enige zinvolle behandeling voor een tenniselleboog is het manipuleren van de pols. 

VI.VI.  Het brein is een apparaat waarmee we denken dat we denken. 

VII .. Hecht nooit geloof aan een gedachte die niet in vrijheid geboren is. 
(F.(F. Nietzsche, 1888) 

VIII .. Zoals huizen bestaan uit steen, zo bestaat wetenschap uit feiten. Maar een stapel stenen is 
nogg geen huis en een verzameling feiten geen wetenschap. 

IX.. Echte schoonheid verdwijnt bij het minste spoor van intelligentie 
(Oscar(Oscar wilde, 1891) 

X.. Het is beter de pols te manipuleren dan de data. 
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Introductio n n 
Tenniss elbow from a historical perspective 

Sincee the first description of tennis elbow by Runge, in 1873, the entity has gained itself a place 

in,, medical, society.' Runge described the painful and limiting condition as 'schreibekrampf' 

orr 'writer's cramp' referring to the population in which he mainly saw the entity. Approximately 

onee decennium after Runge, the condition was introduced in Anglo-Saxon literature by Henry 

Morris.22 He described it as rider's sprain in 1882 and subsequently linked the condition to 

tenniss and introduced the term 'Lawn tennis elbow'.2 Since then, the complaint has been 

describedd as such extensively in medical literature, though not leading to uniformity concerning 

neitherr pathogenesis nor treatment strategy since. 

Thee British orthopaedic surgeon, George Percival Mills, stated in 1929 that there was "probably 

nothingg bringing the surgical profession into greater discredit than the inability to cure tennis 

elbow".33 He bemoaned the situation where osteopaths and sports trainers manipulated the elbow 

andd patients reported miraculous cures which had been resistant to orthodox medical care. He 

suggestedd to neglect pathology and to consider what is really known clinically, meaning that he 

thoughtt it was important to identify the optimal treatment in stead of looking for the mechanism. 

Ann important goal of the presented thesis is to determine and to augment the current evidence 

onn the effectiveness of treatment strategies for tennis elbow. In the Netherlands, the current 

policyy on tennis elbow is to consider its self-limiting nature. The guideline 'epicondylitis' of 

thee Dutch Association of General Practice outlines that neither physical therapy nor the 

applicationn of orthotic devices have proven itself to be of supplementary value.4 This statement 

iss based on lack of sufficient evidence on the effectiveness of both interventions. This is supported 

byy two recent systematic reviews on effectiveness of both orthotic devices and physical therapy 

ass treatment strategies for tennis elbow.5,6 Thence, general practitioners are advised to await the 

naturall  course of the injury. Naturally, not all patients will be satisfied by their physician's 

advicee and will request an active treatment. Therefore, both physical therapy and orthotic devices, 

mainlyy braces, are still prescribed quite often in primary care.7 

Clinicall  aspects 
'Tenniss elbow' or lateral epicondylitis, is characterised by pain over the lateral epicondyle of 

thee humerus, which is aggravated with resisted dorsiflexion of the wrist.8 It is frequently seen 

inn medical care with an incidence in general practice of approximately 4-7 per 1000 patients 

perr year and with an annual incidence of 1-3% in the general population.910 The complaints 

mightt results in sick leave, which in the Netherlands occurs in approximately 10% of the patients.7 
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Thee natural history of the complaint is however mild, knowing that untreated the complaint 

wil ll  usually resolve within six months to two years.8"11-12 

Besidess the expectant policy, several treatment options are available.13 including corticosteroid 

injections,, orthotic devices, surgery, and physiotherapeutic modalities such as stretching 

exercises,, ultrasound, laser, massage, electrotherapy and manipulations. 

Concerningg treatment of the complaint, no uniform strategy can be identified. None of the 

mentionedd strategies has proven to be superior when compared to the other. Lack of sufficient 

trialss is the main reason for this lack of uniformity. Despite the fact that effectiveness has not 

beenn proven, physical therapy and braces are widely applied strategies.4714 Thence, a randomised 

clinicall  trial was started in 1999, comparing brace treatment with a physical therapy regimen 

andd the combination of both. In addition, a relatively unknown therapeutic strategy, consisting 

off  manipulation of the wrist, was tested in a pilot study setting. 

Aimss of the thesis 
Sincee the first description of tennis elbow in medical literature, the number of publications on 

thee topic has been overwhelming. However, as of yet, no optimal treatment strategy for the 

entityy has been identified. Following the systematic reviews concluding insufficient evidence 

onn effectiveness of tennis elbow treatments was present, the primary aim of this thesis was to 

comparee the effectiveness of three, frequently described, treatment strategies for lateral 

epicondylitis.. This was tried to be accomplished by means of a sufficiently powered randomised 

clinicall  trial. In addition, a cost-effectiveness analysis was performed, focusing on the costs of 

thee studied strategies in contrast to its effects on improvement in patients1 complaints. Third 

goall  of the thesis was to study the predictive value of the extensor grip test for effectiveness of 

bracee treatment and, in addition, to study the predictive value of ultrasound entities on 

effectivenesss of all three compared treatments. The fourth goal was to study the effect of 

manipulationn of the wrist for patients with tennis elbow complaints. 

Integratingg all parts of this thesis, valuable evidence was retrieved which will hopefully be 

helpfull  in identifying the optimal treatment for tennis elbow complaints. 
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Abstrac t t 

Backgroundd Lateral epicondylitis (tennis elbow) is a frequently reported condition. A wide 
varietyy of treatment strategies has been described. As of yet, no optimal strategy 
hass been identified. The objective of this review was to assess the effectiveness 
off  orthotic devices for treatment of tennis elbow. 

Methodss An electronic database search was conducted using Medline, Embase, Cinahl, 
thee Cochrane Controlled Trial Register, Current Contents and reference lists 
fromm all retrieved articles. Experts on the subjects were approached for additional 
trials.. All randomised clinical trials (RCT) describing individuals with diagnosed 
laterall  epicondylitis and comparing the use of an orthotic device as a treatment 
strategyy were evaluated for inclusion. Two reviewers independently assessed 
thee validity of the included trials and extracted data on relevant outcome 
measures.. Dichotomous outcomes were expressed as Relative Risks (RRs) and 
continuouss outcomes as Standardised Mean Differences (SMD), both with 
correspondingg 95% confidence intervals (95% CI). Statistical pooling and 
subgroupp analyses were intended. 

Results s Fivee small-size RCTs (N per group 7-49) were included. Validity score ranged 
fromm 3-9 positive items out of 11. Subgroup analyses were not performed due 
too the small number of trials. The limited number of included trials present few 
outcomee measures and limited long-term results. Pooling was not possible due 
too large heterogeneity amongst trials. 

Conclusionss No definitive conclusions can be drawn concerning effectiveness of orthotic 
devicess for lateral epicondylitis. More well-designed and well-conducted RCTs 
off  sufficient power are warranted. 
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Backgroun d d 
Tenniss elbow, or lateral epicondylitis, is a frequently reported condition characterised by pain 

overr the lateral epicondyle of the humerus and aggravation of the pain on resisted dorsiflexion of 

thee wrist.13 The incidence in general practice is approximately 4-7 per 1000 patients per year2 7, 

withh an annual incidence of 1-3% in the general population.489 In the Netherlands, in approximately 

10%% the complaint will result in sick leave, for a mean period off  11 weeks.1 Untreated, the complaint 

iss estimated to last from 6 months to 2 years.1013 Over 40 treatment options are described.14 

Exampless include an expectant waiting policy, corticosteroid injections, orthotic devices, surgery, 

andd physiotherapeutic modalities such as exercises, ultrasound, laser, massage, electrotherapy 

andd manipulations. In Dutch primary care, 21% of the patients with lateral epicondylitis are 

prescribedd an orthotic device as a treatment strategy.1 Many different types of braces and other 

orthoticc devices are available for treating tennis elbow. The main type is a band or strap around 

thee muscle-belly of the wrist dorsiflexors. Theoretically, binding the muscle with a clasp, band or 

bracee should limit expansion and decrease the contribution to force production made by muscle 

fibress proximal to the band. Immobilisation with a splint or a cast should completely limit expansion 

andd no force can be transmitted by the muscle fibres. 

Labellee et al. performed a systematic review of conservative treatment measures for lateral 

epicondylitis155 but only one trial concerning an orthotic devicee was mentioned.16 To date, there is 

noo updated systematic review of trials which has studied the effectiveness of orthotic devices for 

treatingg tennis elbow. 

Wee therefore performed a systematic review of randomised clinical trials to evaluate the evidence 

forr effectiveness of orthotic devices for tennis elbow, over the short-, intermediate- and long-

term. . 

Method s s 
Selectionn criteri a 

Onlyy randomised clinical trials (RCTs) describing the use of an orthotic device as a treatment 

strategyy were considered for inclusion. Results had to be published as a full report before April 

1999. . 

Noo restrictions were made concerning the language of publication. Inclusion criteria required 

thatt the study had included patients with lateral epicondylitis of the humerus (tennis elbow), 

involvingg at least identification of lateral elbow pain, increased by pressure on the lateral 

epicondyle,, and with pain on resisted dorsiflexion of the wrist. At least one of the treatment 

groupss should have received an orthotic device in the form of a brace, splint, cast, band or 

strap.. Control interventions could be all types of conservative treatment including placebo 
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bandage,, expectant policy, ultrasound, laser, massage, electrotherapy, topical treatment, 

manipulations,, strengthening exercises, or corticosteroid injections. Surgical treatments were 

excluded.. As outcome measures, at least one of the following had to be described: (1) 

improvementt in pain; (2) global measure of improvement; (3) pain free grip strength; (4) 

maximummaximum grip strength; (5) elbow-specific functional status; (6) pressure pain on the lateral 

epicondyle;; or (7) generic functional status. 

Searchh strategy 
AA comprehensive, unbiased search was performed. Adaptations of the highly sensitive Cochrane 

Collaborationn search strategy were used to identify all randomised clinical trials.17 A 

computerisedd search of MEDLINE (01/1966- 05/1999); EMBASE (01/1988- 05/1999); 

CINAHLL (01/1982-01/1999) was performed. Furthermore, the Current Contents database was 

searchedd and the references from all retrieved articles were checked for additional studies (citation 

tracking).. The Cochrane Controlled Trial Register (CCTR) was searched for RCTs on elbow 

andd on epicondylitis.17 Experts on the subject were approached for additional studies that may 

nott have been retrieved from the above strategy. The keywords and related free text words used 

were:: tennis elbow; elbow; elbow joint; humerus; tendinitis; injury; sprains and strains; arm 

injuries;; soft tissue injuries; athletic injuries; tendon injuries; braces; splints; immobilisation; 

casts;; orthotic devices; external fixators. The titles, abstracts and keywords of the articles 

identified,, were checked independently by one reviewer (PS) and an independent colleague 

(GK,, see acknowledgements). During a consensus meeting, final selection of trials was 

performed. . 

Qualityy Assessment 
Differencess in quality amongst trials indicate a possible difference in bias between these trials. 

Therefore,, it is important to evaluate the quality of trials when evaluating the effectiveness of an 

intervention.. Two independent reviewers (NS and HA) obtained the full text of all potentially 

eligiblee articles for independent methodological assessment, blinded for author, affiliation and 

source.. Internal validity of each trial was assessed using the criteria from the Amsterdam-Maastricht 

Consensuss List for Quality Assessment of Randomised Controlled trials (Table 1).18 The reviewers 

weree provided with detailed guidelines. If sufficient information was available and bias was 

consideredd to be unlikely, a criterion was rated positive ('yes / (+)')  If bias was considered to 

bee likely, the criterion was rated negative ('no / (-)'). When insufficient information was given, 

thee criterion was rated as inconclusive ('don't know / (?)'). A total score for internal validity of 

thee study ('study validity score') was calculated by summing up the number of positive criteria 

onn all validity items. Equal weights were applied, resulting in a validity score ranging from 0-

11,, with higher scores indicating lower likelihood of bias. However, in treatment with an orthotic 
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Tablee 1 

Validity y 

Item Item 

-- Validit y assessment: 

Criteria a 

Description Description 

description n off  criteri a 18 

VII  Was a method of randomisation performed ? 
V22 Was the treatment allocation concealed ? 
V33 Were the intervention groups similar at baseline regarding prognostic factors ? 
V44 Was the care provider blinded for the allocated intervention ? 
V55 Were co-interventionss avoided or standardized ? 
V66 Was adherence to interventions acceptable in all groups ? 
V77 Was the patient blinded to the allocated intervention ? 
V88 Was the witdrawal/drop-out rate described and acceptable ? 
V99 Was the outcome assessor blinded to the intervention ? 
V100 Was timing of outcome assessment comparable in both groups? 
VI II  Did the analysis include an intention-to-treat analysis ? 

devicee it is impossible to blind the care providers and patients and these items will always score 

negative,, suggesting potential bias. Maximum possible score for methodological quality in this 

revieww is therefore limited to 9 points. 

Analysis s 
Analysiss was performed for the short-term (< 6 weeks), intermediate-term (6 - 26 weeks) and 

long-termm (> 26 weeks) effect of orthotic devices for lateral epicondylitis separately. In order to 

assesss effectiveness, raw data (means and standard deviations of change scores; proportions) 

weree extracted for reported outcomes where data was available in the published reports, or 

couldd be calculated. If necessary, standard errors of the mean (SEM) were converted to standard 

deviationss (SD). For trials where the required data was not reported or could not be calculated, 

furtherr details were requested from the authors. If this was unsuccessful, the study was described 

ass extensively as possible. Review Manager 4.0.3, was used to analyse the results. Statistical 

poolingg was intended, using weighted mean differences (WMD) for continuous outcomes and 

Standardisedd mean differences (SMD) if outcomes were reported on different scales.19 In case 

off  heterogeneity, reasons for this were explored. Dichotomous outcomess are expressed as relative 

riskss (RRs). For each result, the 95% confidence interval (95% CI) was calculated.19-20 The 

protocoll  included procedures for various analyses that were not carried out due too limited 

data.. For full details see the Cochrane Version of this review.21 
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Result s s 
Studyy selection (Figure 1) 

MEDLIN EE 788 hits 

CI I 
S t / v j v ^ n n 

EMBASEE 296 hits CCTRR 332 hits 

Potentiallyy relevant RCTs identified 
andd screened for retrieval (n=1665) 

RCTss retrieved for more detailed 
evaluationn (n=17) 

Potentiallyy appropriate RCTs to be 
includedd in the systematic review 
(n=6) ) 

RCTss included in the systematic 
revieww (n=6) 

RCTss with usable 
byy outcome (n=5J 

information n 

CINAHLL 249 hits 

RCTsexcluded,(n=ll) ) 
•• Lack of randomisation (n=9) 
•• Review (n=l) 
•• Device applied in all groups (n=l) 

RCTss excluded from systematic 
revieww (n=0) 

RCTss withdrawn, by outcome, (n=l) 
•• No specified results (n=l) 

FIGUREE 1. Flowchart: selection of trials : : 

Tablee 2 - Characteristics Of Included Studies 

Triall Sample Smallest Male/ AGE, (y.) Follow-
sizee (n)* group (n) Female (mean) up* 

Treatment' ' 

Burton n 333 [33] 8 52/48 45. STT 1) Strap + manipulation 
2)) Strap + anti-inflammatory 

creamm + manipulation 

Dwars233 84[120] 35 
Erturk244 35 [35] 7 
Hakerr -5 56 [70] 18 

Unkn.. Unkn. 
Unkn.. 47.7 
66/344 47.9 

STT Elbow-support 
STT Bandage 
STJTLTT 1) Elbow-band 

Holdsworthh 2" 34 [42] 
2)) Splint 

50/500 46.1 ST 1) Clasp + ultrasound (Aq.) 
2)) Clasp + ultrasound (HC) 
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Afterr the first extensive search, a total of 1665 titles was found. After evaluation of titles and 

abstracts,, a total of 17 potentially eligible trials was identified. Of these, five studies met the 

eligibilityy criteria.16-236 These are summarised in table 2. All included studies were published in 

English.. One potentially eligible study was excluded because there was no separate presentation 

off  results for 7 included patients with tennis elbow and no response was retrieved from a letter 

too the author requesting this data.27 The complete list of excluded trials is available from the 

firstfirst author, on request. 

Methodologicall  quality 
Thee methodological quality of the included trials is presented in table 3. There was initial 

disagreementt between the reviewers on 29 of the 55 validity items (47%). The Kappa values 

forr inter-observer agreement were calculated for each validity item separately and ranged from 

-0.433 to 1, with a median value of 0.29. Items with lowest disagreement were VI , V5 and V9. 

Afterr a consensus round, disagreements remained on 8 items, on which a third reviewer (WJJA) 

madee the final decision. The results of our methodological quality assessment were sent to the 

(first)) authors of the included trials, asking them if they agreed with our assessment and, if not, 

too provide arguments for change of score. In addition, we requested additional information to 

aidd in the validity assessment. All 5 authors responded to our request. We changed 21 scores: 

166 from unclear (?) to positive (+); 3 from unclear (?) to negative (-); 2 from negative (-) to 

positivee (+). Table 3 presents the final results after the additional comments from the authors. 

Control*' ' 

a)) Anti-inflammatory 
creamm + manipulation. 

b)) Manipulation 
a)) Anti-inflammatory 

creamm + manipulation 
Physiotherapy y 
Corticosteroidd injection 
a)) splintage 
b)) corticosteroid-injection 
a)) corticosteroid-injection 

Outcomes' ' 

1,4 4 

1,2 2 
1,3 3 
2,4 4 

Betweenn square brackets [ ] is the total of randomised 
patients s 
Unkn.. = unknown 
ST=short-term;; IT=Intermediate-term; LT=Long-term 
Aq.. = aquasonic coupling medium; HC.hydrocortisone 
couplingg medium; 
1== pain; 2= global measure of improvement; 3=Pain-
freee grip strength; 4= Maximum grip strength 

a)) Ultrasound (Aq.) 1,4 
a)) Ultrasound (HC) 
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Tablee 3 - Validit y assessment of included studies* 

Study y VII  +*  V2 V3 V4 V5 V6 V7 V8 V9 V10 VI 1 Total l 

Burtonn 16 

Dwarss 23 

Erturkk 24 

Hakerr 25 

Holdsworth h 

+ + 
+ + 
+ + 
+ + 

266 , 

(?)) + 
(?)) -
(?)) + 
(?)) + 

(?)) + 

(?) ) 

(?) ) 
(-) ) 

(?) ) 

++ (?) -
""  (?) " 
++ (?) " 
++ (?) -

--

+ + 
--
+ + 
+ + 

? ? 

(-)) + (?) -
++ (?) -

(?)) + (?) -
7 7 

(?) ) 
(?)) + 

++ + 
--
++ -

+ + 

+ + 

(?) ) + + 
+ + 
+ + 
+ + 

+ + 

+ + 

-- (?) 
-- (?) 
--

--

9(3) ) 
3(1) ) 
7(2) ) 
6(3) ) 

5(4) ) 

**  For explanation of items: see table 1 
ff An item was rated positive '+' when bias was considered unlikely; negative '-' when bias was considered 
likely;; inconclusive '?' when insufficient data was present. 
**  Ratings between brackets () represent the initial assessment by the blinded reviewers (NS, HA) 

Analysis s 
Thee pre-planned stratified analyses for validity-score, type of orthotic device, and prognostic 

factorss were not performed as the data on these items was too limited and too heterogeneous. 

Duee to the heterogeneity, no pooling of data was possible, and results were described for each 

triall  separately. For the following comparisons data was available (table 4) 

la)) Orthoti c devices versus other  conservative treatment 
Fourr studies 16'23~25 compared an orthotic device with a conventional treatment: 2 studies with a 

corticosteroidd injection24,25,1 study compared an elbow-support with a physiotherapy treatment 
233 and 1 study compared an elbow-strap with anti-inflammatory cream (AI-cream).I6 The results 

Tablee 4 - Results 

Author r Comparison n Outcomee measure1 § Short-termm ' 

Burtonn 16 O.D. versus AI-creamf 

O.D.. as additive treatment 

Dwarss 23 O.D. versus Physiotherapy 

Erturkk 24 O.D. versus injection 

O.D.. as additive treatment 
Haker255 Band versus cast 

(1-55 scale) 
O.D.. versus injection 
(1-55 scale) 

Holdsworthh 26 O.D. as additive treatment 

Painn (0-5 scale) 
Improvementt in PFGS (mmHg) 
Painn (0-5 scale) 
Improvementt in PFGS (mmHg) 
Globall  measure of improvement 
(33 point scale) 
Painn (VAS 100mm) 
Improvementt in MGS (kg) 
Improvementt in MGS (kg) 
Globall  measure of improvement 

Globall  measure of improvement1^ 

Globall  measure of improvement 
(VASS 100mm) 

DD 0.96 [-0.1 ;2.0] 
DD 0.65 [-0.3;1.6] 
DD -0.24 [-0.8;0.3] 
DD -0.01 [-0.7;0.7] 
RRR 1.03 [0.6; 1.6] 

DD 0.70 [-0.3;1.7] 
DD 0.97 [-0.1 ;2.0] 
D-0.56[-1.5;0.4] ] 
RRR 0.94[0.8;1.1] 

RRR 2.91 [1.8;4.7] 

DD 0.18 [-0.5;0.9] 
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off  the 2 studies comparing orthotic devices with corticosteroid-injection could not be pooled, 

becausee different outcome measures were used. One study u failed to demonstrate any difference 

betweenn treatments in terms of short-term reduction in pain (difference (D) = 0.70 95% CI -

0.3;; 1.7) or increase in maximum grip strength (D = -0.97 95% CI-2.0;0.1), while the second 

studyy showed significantly better short- and intermediate-term results with respect to global 

measuree of improvement favouring corticosteroid-injection (RR=2.91 95% CI 1.8;4.7 and 

RR=1.766 95% CI 1.1 ;2.8 respectively).25 The study comparing an elbow-support with 

physiotherapyy 23 failed to demonstrate a difference between groups with respect to short-term 

patientt satisfaction (RR= 1.03 95% CI 0.6;1.6) or decrease in pain, although the latter could 

nott be verified as standard deviations could not be estimated and were unable to be retrieved 

fromm the author. This latter study reported a drop-out rate of 30% at follow-up visit. The results 

off  the study comparing AI-cream with an elbow-strap favoured AI-cream for pain reduction in 

thee short-term (D= 0.96 95% CI -0.1;2.0) but found no differences in terms of pain free grip 

strengthh (D= -0.65 95% CI -1.6;0.3) (16). 

lb)) Orthoti c device as an additional treatment 
Threee studies l624-26studied the additive use of an orthotic device. All 3 studies reported only 

short-termm results. Burton '6 compared (a) an elbow-strap and AI cream with AI cream only, 

andd (b) strap and manipulation with manipulation only. Erturk et al. compared bandage + 

injectionn with injection 24 and Holdsworth et al. 26 compared (a) the use of an epicondylitis-

claspp combined with ultrasound with a conventional coupling medium with the same ultrasound 

treatmentt and (b) the use of an epicondylitis clasp combined with ultrasound with a 

Intermediate-termm Long-term 

**  O.D. = Orthotic Device t AI cream = Anti-inflammatory 
creamm X PFGS = Pain-Free Grip Strength § MGS = Maximum 
Gripp Strength RR = Relative Risk with accompanying 95% 
Confidencee Intervals between square [ ] brackets 1 D = 

RRR 0.75 [0.5;1.2] RR 1.06 [0.6;1.8] Difference with accompanying 95% confidence intervals 
betweenn square [ ] brackets: differences presented are 

RRR 1.76 [1.1;2.8] RR 0.87 [0.6; 1.2] differences in mean increase/decrease **  = Mean values and/ 
orr standard deviations could neither be calculated nor be 
retrievedd from the authors tf = Results in favour of 
corticosteroid-injection. . 
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hydrocortisonee coupling medium with the same ultrasound treatment. There was no significant 

differencee in decrease in pain (D= -0.24 95% CI -0.8;0.3). From one study 26, however, it was 

nott possible to retrieve standard deviations. In this study the authors conclude that no additional 

effectt was derived from the use of the clasp. Subjective outcome on global measure of 

improvementt was reported in 1 study 26, using a 100mm VAS score. There were no significant 

differencess in outcome between orthotic device and no treatment (D=0.18 95% CI -0.5;0.9). 

Increasee in maximum grip strength and pain-free grip strength showed no significant differences: 

DD for maximum grip strength was 0.56 (95% CI -0.4; 1.5) and D for increase in pain-free grip 

strengthh 0.01 (95% CI -0.7;0.7). 

Ic)) Orthoti c device versus another  orthoti c device 
Onlyy one study25 compared 2 types of orthotic devices. In this study an elbow-band was compared 

withh a splint. Over the short-term, intermediate term and long-term no significant difference on 

globall  measure of improvement was found (RR= 0.94 95% CI 0.8; 1.1, RR= 0.75 95% CI 0.5; 1.2 

andd RR=1.06 95% CI 0.6;1.8 respectively). The authors stated that the results also did not differ 

withh respect to pain-free grip strength. Standard deviations could not be calculated because median 

scoress were used, and further information could not be retrieved from the authors. 

Discussio n n 
Orthoticc devices are commonly used as treatment strategy for tennis elbow. Despite this common 

use,, there is no clear evidence-base for application. 

Fivee RCTs were included in our systematic review. Quality of included trials was partially 

acceptable,, with validity scores between three and nine out of 11 items. We did not perform the 

pre-plannedd stratified analyses for validity-score, type of orthotic device or prognostic factors 

ass the limited data on these items was too heterogeneous. Heterogeneity was also present for 

typee of control-intervention and study population. The heterogeneity amongst the trials, 

concerningg type of orthotic device and study population, in addition to the limited number of 

RCTss available makes it difficult to draw clear conclusions on effectiveness of orthotic devices. 

Basedd upon our review of included trials only one difference between interventions was 

identified:: in one study results with respect to global measure of improvement favoured 

corticosteroidd injections compared to an elbow-band.25 In a systematic review on effectiveness 

off  corticosteroid injections it was concluded that injection seemed effective in the short-term.28 

Thiss finding could also indicate that corticosteroid injection simply was a more effective 

comparison.. Comparisons with physiotherapy 2\ with AI-cream l6 or with cast immobilisation 

showedd no differences. 
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Whenn the orthotic device was used as an additive treatment, none of three studies showed a 

statisticallyy significant effect of an orthotic device.24 These three trials all present very small 

groupss of patients per intervention (n<10). Because of the very low power of these studies, it is 

impossiblee to draw any conclusions concerning effectiveness of an orthotic device as a treatment 

orr as an additive treatment for tennis elbow. 

Despitee the extensive search, possible relevant trials may have been missed. We identified one 

eligiblee trial  27 in which the effectiveness of an orthotic device in patients with acute elbow-

complaintss was studied but as no separate analysis of the seven patients with tennis elbow was 

presentedd in the publication. We plan to update this review if additional eligible trials are found. 

Afterr initial assessment of thee validity of the included trials, the reviewers found scores varying 

fromm 1 to 4. After contacting the authors for further information on the validity criteria the 

scoress increased from 3 to 9 '6; from 1 to 3 23; from 2 to 7 24; from 3 to 6 25 from 4 to 5 26. The 

increasee of scores after contact with the authors suggest that poor reporting and not lack of 

methodologicall  quality was the main reason for the initial low scores for assessment of 

methodologicall  quality. 

Becausee of the heterogeneity of the included studies, we refrained from pooling. There was 

heterogeneityy in character of control groups, type of outcome measures, type of orthotic device 

used,, duration of the complaints and presence of prognostic factors. 

Inn addition to the small number of trials included in this review, these studies have their limitations 

inn study design. Only one out of five presented intermediate-term and long-term results and the 

highestt number of relevant outcome measures was three. No functional outcome measures, like 

thee Pain Free Function Questionnaire, were reported.29 

Further,, high-quality, sufficiently powered randomised trials are warranted to investigate the 

effectivenesss of orthotic devices in treatment of lateral epicondylitis, both as a single strategy 

andd in combination with other measures. A standard set of valid and reliable outcome measures 

shouldd be incorporated in the RCTs. This will be necessary to provide convincing evidence for 

thee effectiveness of relatively cheap orthotic device as a treatment strategy or as an additive to 

anyy other conventional treatment. Finally, cost-effectiveness of orthotic devices should be 

incorporatedd since the use of orthotic devices might reduce costs on sick-leave, by reduction of 

thee experienced pain during activities. 
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Conclusion s s 
Noo definitive conclusions can be drawn concerning effectiveness of orthotic devices for lateral 

epicondylitis.. More well-designed and well-conducted RCTs of sufficient power are warranted. 

Note:: This review wil l be published in a more extensive version and updated regularly in the 

Cochranee Library.17 
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Abstrac t t 

Backgroundd Tennis elbow is a common complaint. Corticosteroid injections were often 
applied,, but there is increasing evidence that injections may have adverse effects 
onn the long term. Physical therapy or expectantly awaiting are thus the most 
obviouss approaches. Additionally, braces can be prescribed. We evaluated the 
effectivenesss of brace-only treatment, physical therapy and the combination of 
thesee two. 

Methodss Patients with tennis elbow complaints were randomised. Outcome measures 
weree success rate, severity of the patient's complaints, pain during the patient's 
mainn complaint, disability (Pain Free Function Questionnaire), ability of 
performingg daily activities, pain-free and maximum grip strength, satisfaction. 
Dataa were transformed into a 100 point scale and analysed using both intention-
to-treatt and per-protocol analyses. Follow-up was 1 year. 

Results.. 180 patients were randomised. Beneficial effects of physical therapy on short-
termm were found for pain (mean difference (MD)) 13 [95%Confidence Interval 
(CI)) [3;21]), disability (MD 7 [95%CI 1;12]) and satisfaction (MD 9 [95%CI 
1;; 18]). Contrarily, brace-only treatment showed superior on ability of performing 
dailyy activities (MD 11 [95% CI 1;21]). 
Combinationn treatment showed superior to brace-only on severity of complaints 
(MDD 11 [95%CI 6; 18]), disability (MD 9 [95%CI 2; 15]) and satisfaction 
(MDD 11 [95%CI 3; 19]). 
Combinationn was superior to physical therapy on pressure pain threshold (MD 
133 [95%CI 1 ;25]). On intermediate- and long-term, no significant differences 
weree identified. 

Conclusionn On the various outcomes and follow-up moments conflicting, but explainable, 
resultss were found. For support of daily activities, brace treatment might be 
usefull  as initial therapy. It is relatively cheap and helps awaiting the favourable 
naturall  course. This potentially positive finding for braces, however, should be 
replicatedd in other well-designed trials. 
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Introductio n n 
Laterall  epicondylitis or 'tennis elbow', is a frequently reported condition in medical care. The 

complaintt is characterised by pain over the lateral epicondyle of the humerus, which is aggravated 

withh resisted dorsiflexion of the wrist.' The incidence in general practice is approximately 4-7 

perr 1000 patients per year with an annual incidence of 1-3% in the general population.2-3 In the 

Netherlands,, in approximately 10% of the patients the complaint will result in sick leave, for a 

meann period of 11 weeks.4 Untreated, the complaint is estimated to last from six months to two 

years.15'66 Several treatment options are available,7 including an expectant policy, corticosteroid 

injections,, orthotic devices, surgery, and physiotherapeutic modalities such as exercises, 

ultrasound,, laser, massage, electrotherapy and manipulations. In Dutch primary care, 21% of 

thee patients with lateral epicondylitis are prescribed an orthotic device as a treatment strategy4, 

andd many different types of braces and other orthotic devices are available for treating tennis 

elbow.88 The main type is a band or strap around the muscle-belly of the wrist extensors. 

Theoretically,, binding the muscle with a clasp, band or brace should limit expansion and thereby 

decreasee the contribution to force production by muscle fibres proximal to the band.910 

Despitee the frequent use of braces, no definitive evidence is present in current literature 

concerningg its effectiveness.8 In order to provide this evidence, a randomised clinical trial was 

started,, comparing effectiveness of a brace and a standardised physical therapy-protocol for 

treatmentt of lateral epicondylitis on short-term, intermediate-term and long-term. 

Method s s 
Setting g 

Thee trial was performed in an urban setting in the Netherlands, between January 1999 and May 

2000.. Patients were recruited by both general practitioners and primary care physical therapists 

andd referred to our outpatient clinic. The hospital's medical ethics committee approved the 

studyy in July 1998. 

Patients s 
Patientss were included in the study if, at time of presentation, they had clinically diagnosed 

laterall  epicondylitis and complaints for at least six weeks. The diagnosis lateral epicondylitis 

wass made if patients reported pain on the lateral side of the elbow, which aggravated with both 

pressuree on the lateral epicondyle of the humerus and resisted dorsiflexion of the wrist. Excluded 

weree patients with bilateral complaints, with a clear decrease of pain in the previous two weeks, 

patientss who had received any treatment for the lateral epicondylitis episode in the last six 

monthss before inclusion and patients unable to fil l out questionnaires. 
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Studyy Design 
Baselinee assessments were undertaken by one medical doctor (GK) before randomisation, and 

weree thus performed in a blinded setting. Assessments included patient characteristics, co-

morbidity,, and baseline values of the outcome measures. 

Afterr retrieval of informed consent, patients were included in the trial by the medical doctor 

(GK)) and a subsequently randomised by a researcher (PS), using a computer program with 

minimisationn strategy for the duration of complaints (i.e. < 3months; 3-6 months and > 6 

months)."12 2 

Treatmentt  strategies 
Patientss in the physical therapy group (group A) were treated according to a standardised protocol. 

Duringg the six weeks intervention period, patients received a total of nine sessions, respectively 

3,2,1,1,11 and 1 session(s) per week. Every session consisted of 7.5 minutes of pulsed ultrasound 

treatmentt according to the protocol by Binder et al.13 In addition, patients were treated by 

frictionn massage for 5-10 minutes. When pain subsided, patients were instructed a strengthening 

andd stretching protocol by the physical therapist to perform at home twice daily. '4 All participating 

physicall  therapists participated in a training session, received the protocol, and were visited by 

thee researcher for a final question round. 

Patientss in the brace group (group B) were provided with the brace immediately after 

randomisation.. The brace used was the Epipoint (manufacturer Bauerfeind, Zeulenroda 

Germany).. Use and application were instructed immediately, using a standardised protocol. 

Patientss were instructed to once visit a physical therapist participating in the trial during the 

firstt week of the intervention period. The physical therapist, again, instructed the patient 

accordingg to the standardised protocol. Patients were advised to wear the brace continuously 

duringg daytime for the 6 weeks intervention-period. Activities causing pain despite the use of 

thee brace were discouraged. 

Patientss in the combination group (group C) received the combination of both brace treatment 

andd physical therapy. 

Patientss were withdrawn from the study if complaints deteriorated severely during treatment, 

accordingg to the opinion of the patient's general practitioner. 

Outcomee assessment 
Thee blinded assessor (GK) assessed outcomes at six weeks and one year after randomisation. 
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Inn addition, a questionnaire was sent to patients at 26 weeks. Main outcome measures were (a) 

globall  measure of improvement compared to pre-randomisation, as assessed on a 6-point scale 

(1.. Completely recovered; 2. Much improved; 3. Littl e improved; 4. Not changed; 5. Little 

worse;; 6. Much worse). This measure was dichotomised: patients reporting to be completely 

recoveredd or much improved were noted as a "success", (b) Severity of the patient's complaints 

(11-pointt numeric scale, 10 indicating severe complaints), (c) Score of pain intensity of the 

patient'ss most important complaint (11-point numeric scale, 10 indicating severe pain); (d) 

Modifiedd pain-free function questionnaire (PFFQ) describing ten activities frequently affected 

inn patients with lateral epicondylitis. Each activity was rated by the patient 0-4 (4 indicating 

severee discomfort), for a total score ranging from 0-40.15 

Secondaryy outcome measures were: (e) inconvenience during daily activities (11 -point numeric 

scale,, 0 no inconvenience 10 severe inconvenience) (f) Pain Free Grip Strength (PFGS) and (g) 

Maximumm Grip Strength (MGS) measured with a Jamar hand dynamometer (Sammons Preston, 

44 Sammons Court, Bolingbrook, II60440-4989 USA) in kilograms, assessed with the patient's 

elboww in extension. The mean of three measurements was calculated for both PFGS and MGS; 

(h)) Pressure Pain (PP) at the lateral epicondyle as measured with a Pressure Threshold Meter 

(Painn diagnostics & treatment inc., Great Neck, NY 11023, USA) in kilograms per cm2. With 

thiss test, the blinded assessor gradually increased pressure on the common extensor tendon 

untill  the patient indicated discomfort. Again, the mean value of three measurements was 

calculated.. The latter outcome measures (f,g,h) were reported as ratios of the maximum grip 

strengthh of the unaffected side. Satisfaction of thee patient with the assigned treatment (11-point 

numericc scale: 0 'not satisfied' 10 'very satisfied'). In the analysis, all outcome measures were 

transformedd to a 100 point scale to enable comparison between outcome measures. At follow-

upp visits, patients were asked to refer to pre-randomisation scores with their previous scores 

showed.. Blinding of assessment was optimised by instructing the patients not to inform the 

blindedd assessor on their received treatment. After each follow-up examination, the assessor 

wass asked to guess the allocation and give the reasons for this. Inter-observer agreement on 

thesee outcome measures was found to be very good.16 

Statistica ll  analysi s 
Thee sample size was calculated based on the 'global measure of improvement' at 6 weeks, 

analysedd as a dichotomous outcome measure. Calculation of sample size was based on the 

abilityy to detect a difference in success-rate of 25% with the least effective treatment, given the 

studyy 80% power on the 5% significance level. 
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Dataa were analysed using both an intention-to-treat and a per-protocol analysis. Changes in 

scoress over time were calculated for each patient by subtracting the results at baseline from 

thosee at follow-up. The differences in improvement between the groups with corresponding 

95%% confidence interval (95 % CI) were computed and were compared using one-way analysis 

off  variance (ANOVA). Logistic regression was used to analyse dichotomous outcomes. 

Dichotomouss outcomes were expressed in a relative risk (RR), an absolute risk reduction (ARR) 

andd a number needed to treat (NNT). The NNT expresses the number of patients that need to be 

treatedd to prevent one bad outcome. It is the inverse of the absolute risk reduction.17 

Pre-plannedd subgroup analyses on success rate and severity of complaints at short-term follow-

upp were conducted for duration of complaints, presence of neck/shoulder problems, previous 

episodess of tennis elbow complaints and allocation to the therapy preferred by the patient. 

Result s s 
AA total of 221 potentially eligible patients was examined and evaluated in our clinic. Of these, 

411 were not included due to either unwillingness to participate in the study or because the 

Tablee 1 - Baseline Characteristics 

Physicall  Brace Combination 
therapyy (n=68) (n=56) 
(n=56) ) 

Meann age in years (SD) 
Meann duration of complaints in weeks (SD) 
Sex,, male % (n) 
Dominantt arm affected % (n) 
Neckk / shoulder complaints % (n) 
PrimaryPrimary outcome measures 

Severityy of complaints * 
Painn most important complaint * 
Painn Free Function Questionnaire t 

SecondarySecondary outcome measures 
Inconveniencee * 
Painn Free Grip Strength (PFGS) $ 
Maximumm Grip Strength (MGS) t 
Pressuree Pain (PP) % 

43 3 (8) ) 
166 (16) 
48 8 
77 7 
18 8 

44 4 
72 2 
48 8 

59 9 
45 5 
72 2 
51 1 

(27) ) 
(43) ) 
(10) ) 

(18) ) 
(20) ) 
(16) ) 

(24) ) 
(25) ) 
(27) ) 
(24) ) 

466 (11) 
23 3 
53 3 
74 4 
25 5 

47 7 
74 4 
51 1 

64 4 
45 5 
67 7 
48 8 

(30) ) 
(36) ) 
(50) ) 
(17) ) 

(19) ) 
(18) ) 
(17) ) 

(21) ) 
(27) ) 
(28) ) 
(23) ) 

47 7 
21 1 
50 0 
71 1 
18 8 

48 8 
72 2 
52 2 

(9) ) 
(37) ) 
(28) ) 
(40) ) 
(10) ) 

(17) ) 
(15) ) 
(16) ) 

600 (21) 
42 2 
70 0 
39 9 

(29) ) 
(27) ) 
(20) ) 

**  Rated on numeric rating scales (0-10) and transformed into scores ranging from 0-100; 0 indicating 
noo complaints, 100 severe complaints. 

tt Questionnaire scores between 0-40; scores were transformed into scores from 0-100; 0 indicating no 
complaints,, 100 severe complaints. 

$$ PFGS and MGS are presented as ratio of the MGS of the non-injured arm, multiplied by 100. 
%% PP threshold presented as ratio of the PP threshold of the non-injured arm, multiplied by 100. 
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Figuree 1. Flow diagram presenting the progress of the patients in the trial , including withdrawal s 
andd deviations from protocol. 

Eligiblee patients 

Nott randomised (n=41) 

Randomisedd (n=180) 

Languagee barrier (n=2) 
Severee neck-shoulder problems (n=6) 
Bilaterall  complaints (n=8) 
Otherr treatment last 6 months (n=12) 

R R 

(B)) BRACE-ONLY 

Receivedd Standard Intervention as 
Allocatedd (n-61) 

Didd not receive Standard 
Interventionn as Allocated*  (n=7) 

Followed-up p 
66 weeks (n=67) 
266 weeks (n^64) 
522 weeks (n=63) 

Lostt to follow-up (n=5) 
•• Withdrawn (n=5) 

Completedd Trial (n=63) 

(A)) PHYSICAL THERAPY 

Receivedd Standard Intervention as 
Allocatedd (n=51) 

Didd not receive Standard 
Interventionn as Allocated* (n=5) 

Followed-up p 
66 weeks (n=54) 
266 weeks (n=54) 
522 weeks (n=53) 

Lostt to follow-up (n=3) 
•• Withdrawn (n=3) 

Completedd Trial (n=53) 

(C)) BRACE + PHYSICAL THERAPY 

Receivedd Standard Intervention as 
Allocatedd (n=51) 

Didd not receive Standard 
Interventionn as Allocated* (n=5) 

Followed-up p 
66 weeks (n=55) 
266 weeks (n=54) 
522 weeks (n=54) 

Lostt to follow-up (n=2) 
•• Withdrawn (n=2) 

Completedd Trial (n=54) 

®® Randomisation 
** Patients who did not receive Standard Intervention as Allocated were left out in the per-protocol 

analysis. . 

patientt did not meet the criteria, thus 180 included patients remained (Figure 1). The baseline 

characteristicss were well matched for all intervention groups (Table 1). At six weeks, two 

patientss from group A and one patient from both group B and group C were lost to follow-up. 

Thesee four patients all did not return for treatment by their physical therapist and did not 

respondd on several letters. The blinded assessor was asked to guess the allocation of the 176 

patientss at six weeks follow-up, and was correct for 73 (41%) patients (k=0.12) and was never 

certainn of his guess. 
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Tablee 2a - Results at Follow-up (mean improvement (SD), compared to baseline) 

A A B B C C 
(Physicall  (Brace) (Combination) 

Therapy)) (n=56) (n=68) (n=56) 

Success,, % (n) 
66 weeks 50 (28) 

266 weeks 70 (39) 
522 weeks 89 (50) 

Severityy of complaints * 
66 weeks 16 (16) 

522 weeks 28 (19) 

400 (27) 
722 (49) 
855 (58) 

111 (16) 
311 (20) 

Painn most important complaint * 
66 weeks 31 (25) 18 (23) 

266 weeks 42 (30) 43 (26) 
522 weeks 60 (27) 60 (28) 

Painn Free Function Questionnaire f 
66 weeks 17 (14) 10 (19) 

266 weeks 30 (19) 30 (18) 
522 weeks 37 (16) 40 (18) 

Inconveniencee * 
66 weeks 15 (27) 

266 weeks 35 (32) 
522 weeks 50 (27) 

Painn Free Grip Strength t 
66 weeks 18 (28) 

522 weeks 53 (32) 

Maximumm Grip Strength $ 
66 weeks 16 (32) 

522 weeks 29 (28) 

Pressuree Pain % 
66 weeks 17 (37) 

522 weeks 43 (39) 

Satisfactionn * § 
66 weeks 75 (20) 

266 weeks 78 (20) 
522 weeks 76 (19) 

266 (30) 
400 (28) 
533 (29) 

244 (29) 
499 (31) 

155 (27) 
300 (28) 

222 (33) 
411 (31) 

666 (26) 
711 (19) 
755 (20) 

455 (25) 
755 (42) 
888 (49) 

222 (18) 
322 (21) 

244 (31) 
477 (27) 
588 (27) 

199 (17) 
366 (18) 
422 (20) 

244 (27) 
411 (25) 
500 (35) 

277 (28) 
544 (35) 

122 (29) 
299 (26) 

300 (30) 
500 (26) 

777 (19) 
799 (15) 
811 (18) 

Meann differences in improvement (95% CI) 

A-B B 

100 (-7,27) 
-22 (-18,14) 
44 (-7,15) 

55 (-2, 12) 
-22 (-10,5) 

133 (3,21) 
-11 (-12,10) 
00 (-10,11) 

77 (1,12)** 
00 (-6,7) 

-33 (-9,3) 

-111 (-21,-1)** 
-55 (-17,7) 
-44 (-14,7) 

-66 (-18,6) 
44 (-7,16) 

11 (-9, 12) 
-11 (-11,9) 

-55 (-18,8) 
22 (-11,14) 

99 (1,18)** 
77 (-1,14) 

-22 (-22,2) 

A-C C 

55 (-15,25) 
-66 (-24,12) 
11 (-8,16) 

-66 (-12,1) 
-33 (-11,4) 

77 (-4, 17) 
-44 (-14,7) 
22 (-8,13) 

-22 (-8,4) 
-66 (-12,1) 
-55 (-12,1) 

-99 (-18,1) 
-66 (-18,6) 
00 (-10,10) 

-99 (-20,2) 
-11 (-14,12) 

44 (-6, 15) 
00 (-10,10) 

-133 (-25,-1)** 
-77 (-18,4) 

-22 (-9,9) 
-11 (-9,5) 
-55 (-12,2) 

B-C C 

55 (-12,22) 
-44 (-20,12) 
-33 (-14,8) 

-111 (-18,-6)** 
-11 (-8,6) 

-66 (-4,15) 
-55 (-17,7) 
22 (-8,12) 

-99 (-15,-2)** 
-66 (-13,1) 
-22 (-9,5) 

22 (-8,13) 
-11 (-11,10) 
44 (-6,14) 

-33 (-14,7) 
-66 (-18,6) 

33 (-7, 14) 
11 (-8,11) 

-88 (-20,4) 
-99 (-19,1) 

-111 (-19,-3)** 
-88 (-15,1) 
-77 (-14,4) 

**  Rated on numeric rating scales (0-10) and transformed into scores ranging from 0-100; 0 indicating 
noo complaints, 100 severe complaints 

tt Questionnaire scores between 0-40; scores were transformed into scores from 0-100; 0 indicating 
noo complaints, 100 severe complaints 

tt  PFGS and MGS are presented as ratio of the MGS of the non-injured arm, multiplied by 100. 
11 PP threshold presented as ratio of the PP threshold of the non-injured arm, multiplied by 100 
§§ For satisfaction, mean differences between groups were calculated; 0 indicating not satisfied, 100 

veryy satisfied. 
***  Statistically significant difference at the p < 0.05 level 
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Tablee 2b - Relative Risk, Absolute Risk Difference and Number  Needed to Treat on success rate 
forr  all treatment strategies 

Brace-onlyy versus Physical Therapy 

RRR [95% CI] * ARR [95% CI] t NNT [95% CI] f NNT in favour of 

66 weeks 1.22 [0.9-1.7] -0.11 [0.1,-0.3] 9 [3,15] Physical Therapy 
266 weeks 0.89 [0.5-1.6] 0.03 [0.2,-0.1] 33 [27,39] Brace-only 
522 weeks 1.26 [0.5-3.3] -0.03 [0.1,-0.2] 33 [25,41] Physical Therapy 

Brace-onlyy versus Combination 

66 weeks 
266 weeks 
522 weeks 

RRR [95% CI] * 

1.111 [0.8-1.5] 
1.177 [0.6-2.2] 
1.100 [0.4-2.8] 

ARRR [95% CI] f 

-0.066 [0.1,-0.2] 
-0.044 [0.1,-0.2] 
-0.011 [0.1,-0.1] 

NNTT [95% CI] t 

177 [11,23] 
255 [16,34] 

1000 [89,111] 

NNTT in favour of 

Combination n 
Combination n 
Combination n 

Physicall  Therapy versus Combination 

RRR [95% CI] * ARRR [95% CI] t NNTT [95% CI] $ NNTT in favour of 

66 weeks 0.90 [0.6-1.3] 0.05 [0.2,-0.1] 20 [15,25] Physical Therapy 
266 weeks 1.31 [0.7-2.4] -0.07 [0.1,-0.2] 14 [8,20] Combination 
522 weeks 0.87 [0.3-2.4] 0.02 [0.1,-0.1] 50 [42,58] Physical Therapy 

**  RR = Relative Risk 
ff  ARR=Absolute Risk Reduction 
$$ NNT= Number Needed to Treat to prevent one bad outcome. 

Short-termm follow-up (Table 2a and 2b) 
Onn the primary outcome measure "success rate", no statistically significant differences were 

foundd between groups. 

Brace-onlyy versus Physical Therapy 
Whenn comparing results between physical therapy and brace only, four outcome measures 

differedd statistically significant. Outcomes (all converted to a 100-point scale) on decrease in 

painn for the patient's main complaint (mean difference (MD) 13 [95% Confidence Interval 

(CI)) 3;21)], pain free function questionnaire (MD 7 [95% CI 1;12]) and satisfaction (MD 9 

[95%% CI 1 ;18]) were in favour of physical therapy. Abilit y of daily activities was in favour of 

thee brace-only group. Patients in the brace-only group showed less inconvenience (MD 11 

[95%% CI 1;21]). Other outcome measures did not differ statistically significant. 

RRR on success rate was 1.22 ([95% CI 0.9; 1.7]). The ARR was 0.11 [95% CI 0.1,-0.3] with an 

accompanyingg NNT of 9 [95% CI 3,15] in favour of the physical group. 
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Brace-onlyy versus Combination 
Threee outcome measures were identified to be statistically significant different between the 

brace-onlyy and combination group, in favour of combination treatment. Outcomes on severity 

off  complaints (MD 11 [95% CI 6; 18]), pain free function questionnaire (MD 9 [95%CI2;15]) 

andd satisfaction (MD 11 [95% CI 3;19]). No other outcome measures differed statistically 

significant. . 

RRR on success rate was 1.11 [95% CI 0.8; 1.5]. The ARR was -0.06 [95% CI 0.1 ,-0.2]., with an 

accompanyingg NNT of 17 [95% CI 11,23] in favour of the combination group. 

Physicall  Therapy versus Combination 
Onlyy for increase in pressure pain threshold a statistically significant difference was identified, 

inn favour of combination therapy (MD 13 [95% CI 1;25]). 

RRR on success rate was 0.90 ([95% CI0.6;1.3]). The ARR was 0.05 [95% CI 0.2,-0.1] with an 

accompanyingg NNT of 20 [95% CI 15,25] in favour of the physical therapy group. 

Intermediate-termm follow-up 
Onn intermediate-term follow-up (mean 26 weeks, standard deviation SD 3.1) no significant 

differencess for any outcome measure were identified. 

Long-termm follow-up 
Onn long-term follow-up (mean 51 weeks (SD) 4.2) no significant differences for any outcome 

measuree were identified. At 1 year, the number needed to treat favouring physical therapy 

comparedd to brace-only treatment is 33 patients [95% CI 25,41]. For physical therapy versus 

combinationn the NNT was 50 [95% CI 42,58], favouring the physical therapy group. 

Tablee 3 - Additional treatment after intervention period 

Noo additional Treatment 
Physicall  Therapy 
Elboww support * 
Corticosteroidd injection(s) 
Painn medication 
Surgery y 

Physicall  Therapy (n 

355 (66%) 
177 (32%) 
33 (6%) 
44 (8%) 
22 (4%) 
00 (0%) 

=53) ) Bracee (n=63) 

488 (76%) 
133 (21%) 
00 (0%) 
44 (6%) 
00 (0%) 
11 (2%) 

Combinationn (n=54) 

388 (70%) 
155 (28%) 
11 (2%) 
55 (9%) 
44 (7%) 
00 (0%) 

**  patients in the brace-only and combination group were allowed to continue the use of their Epipoint 
brace.. In this table, additional elbow-supports were counted. 

Additionall  treatment during follow-up 
Inn the physical therapy group 34% of all patients received additional treatment for their "tennis 

elbow""  complaints. In the brace-only group 24% of all patients received additional treatment, 
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inn the combination group 30%. This additional treatment consisted mainly of physical therapy 

sessions.. Main reason was that physical therapists thought a few extra sessions would be valuable 

forr the patient. Only one patient, in the brace-only group, underwent surgery for persisting 

complaintss within 1 year. No differences were statistically significant (table 3). 

Alternativ ee analyses 
Forr the per-protocol analysis, a total of seventeen patients who violated the treatment protocol 

weree excluded. Similar results were found when compared to the intention-to-treat analysis. 

Additionall  subgroup analyses carried out for duration of complaints, presence of neck/shoulder 

problems,, previous episodes of tennis elbow complaints and allocation to the preferred therapy 

showedd no differences for subgroups. 

Discussio n n 
Comparingg the different outcome measures, conflicting, but explainable, results were found. 

Beneficiall  effects of physical therapy were found for pain, disability and satisfaction, however, 

onlyy over the short-term. In contrast, brace-only treatment showed superior on inconvenience 

duringg daily activities on short-term. No other outcomes showed statistically significant 

differencess between brace-only and physical therapy. 

Thee hypothesised working mechanism of the brace is that it reduces the forces on the common 

extensorr tendon and will therefore decrease the patient's pain during activities in which the 

extensorr muscles contract. This was supported by the outcome measure "inconvenience during 

dailyy activities". The brace-only group showed superior on this outcome measure when compared 

too physical therapy. The combination group showed a similar trend, but the difference was not 

statisticallyy significant. This outcome shows an advantage for use of the brace, with implications 

forr daily practice and patient education. A contingent incapacity to work might be favourably 

influencedd by use of the brace, while patients might be able to continue their work. 

Combinationn treatment showed no superior effectiveness when compared to physical therapy 

treatmentt only. It did, however, show superior when compared to brace-only treatment over the 

short-term.. Thence, physical therapy seems to have additional beneficial effects compared to 

brace-onlyy treatment. However, main question remains whether this surplus in effectiveness 

outweighss the extra costs of the physical therapy. Often, clinical relevance is expressed in the 

numberss needed to treat.'7 With a risk difference of 3% and a corresponding NNT of 33 for cure 

att 1 year there is, in our opinion, no place in tennis elbow treatment for the studied physical 

therapyy protocol when long term effects are aimed at. However a NNT of 9 compared to brace-
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onlyy treatment for cure at 6 weeks might indicate usefulness when a rapid recovery is required 

orr wanted. 

Inn this trial, selection bias was prevented by randomisation using a minimisation strategy, which 

guaranteess concealment of allocation. Blinding of outcome measures was adequate, since the 

outcomee assessor was never sure of his guess concerning the patients' allocated treatment. 

Dropoutt rate was less than 6% after 1-year follow-up and thus kept to minimum. 

Inn literature, limited evidence is present on effectiveness of orthotic devices.8 On effectiveness 

off  physical therapy strategies the same conclusion can be drawn. Labelle et al. concluded very 

limitedd evidence was present to draw definitive conclusions on effectiveness of physical therapy 

strategiess for tennis elbow complaints.18 Recently, a new systematic review was undertaken 

whichh had similar conclusions.16 

Nott included in this latter review was a trial by the same author group, in which the content of 

thee physiotherapeutic intervention was similar to ours.19 The success rate for physical therapy 

att 6 weeks was remarkably similar to the success rate in our trial (47 and 50%, respectively). 

Thee same for long-term follow-up: success rates of 91 and 89% respectively. In the trial of 

Smidtt et al.19, the success rates for an expectantly awaiting policy were 32% and 83 % 

respectively.. As in our trial for brace versus physiotherapy, the difference between physiotherapy 

andd the expectantly awaiting policy in the Smidt trial was, however, not significant. 

Overr intermediate-term and long-term it showed to be indifferent which therapy a patient had 

received,, since no differences were present at those time-points. However, a significant amount 

off  additional treatment was applied. This might have influenced the intermediate- and long-

termm effect, although it is more likely that the effects will follow the natural course of tennis 

elbow.. Also, no statistically significant differences were present between groups on additional 

treatment.. This may partially be caused by the quite favourable natural course for tennis elbow. 

Corticosteroidd injections might have a harmful effect over the long term 19, and physical therapy 

is,, especially on the longer term, only minimally beneficial compared to an expectantly awaiting 

policy.. Braces might thus be a good strategy to help awaiting the natural course of tennis elbow 

complaints.. The positive results for brace-only treatment on functional status should, however, 

bee replicated in other well-designed trials, to exclude the favourable outcome on inconvenience 

duringg daily activities being based on chance. 

Thence,, for one outcome, knowing inconvenience in daily activities, brace treatment seemed 

usefull  as initial therapy. For pain, disability and satisfaction physical therapy seems the treatment 
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off  choice. Combination treatment has no advantage over physical therapy. 

Althoughh we advice to conduct more studies under different circumstances, a brace as supportive 

treatmentt can be considered. It is likely to be a relatively cheap intervention, which is not time-

consumingg and helps awaiting the natural course. When the patients do not show a pain decreasing 

effectt while using the brace, physical therapy can be considered, although added value is limited. 
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Abstrac t t 

Backgroundd Tennis elbow is a common complaint. Several treatment strategies have been 
described,, such as corticosteroid injections, physical therapy and braces. In a 
randomisedd controlled trial, effectiveness of brace-only, physical therapy and 
thee combination of both were compared. Aim of the presented subgroup analysis 
wass to determine the predictive value of the extensor grip test for effectiveness 
off  bracing as treatment strategy in patients with tennis elbow complaints. 

Methodss Patients with tennis elbow complaints were randomised. The extensor grip test 
wass performed before randomisation on all patients. Outcome measures at 6 
weekss follow-up were success rate, severity of complaints, pain, disability, 
inconveniencee during daily life, satisfaction. Data were transformed into a 100 
pointt scale and analysed using an intention-to-treat analysis. 

Results.. In the brace-only group, significant differences were identified between patients 
withh a positive test and patients with a negative test for three outcome measures. 
Success-ratee in the test-negative group was 23% (5/22), compared to 47% (21/ 
45)) in the test-positive group. Mean decrease in pain was 23 (95% Confidence 
Intervall  (CI) -3,49) in the test-positive group compared to 11 (95% CI -6,28) 
inn the test-negative group. Mean satisfaction in the test-positive group was 71 
(95%% CI 48,94) compared to 51 (95% CI 24,78) in the test-negative group. In 
thee physical therapy and combination group, no differences were identified 
betweenn test-positive and test-negative patients. 

Conclusionn The extensor grip test seems valuable as a predictive factor for effectiveness of 
aa brace as treatment strategy for tennis elbow over the short-term. 
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Introductio n n 
Tenniss elbow, or lateral epicondylitis, is a common condition, characterised by pain at the 

laterall  epicondyle, aggravated by resisted dorsiflexion of the wrist.1 The estimated annual 

incidencee in general population is l-3%.23 If untreated, the complaint is estimated to last from 

sixx months to two years.14 A variety of treatment strategies has been described over the years.'-5 

Exampless are an expectant waiting policy, corticosteroid injections, physical therapy, orthotic 

devicess and surgery. In Dutch general practice, orthotic devices are prescribed in approximately 

aa quarter of patients presenting with tennis elbow complaints.6 Theoretically, binding the muscle 

withh a clasp, band or brace should limit expansion and decreases the contribution to force 

productionn made by muscle fibres proximal to the band.78 Despite its common use, the 

effectivenesss has yet to be proven.9 To predict the effectiveness in a particular patient presenting 

inn general practice, a simple test was applied. The 'Extensor Grip Test' was incorporated in a 

randomisedd clinical trial investigating different conservative treatment strategies for tennis elbow. 

Aimm of the study presented was to determine the predictive value of the test for effectiveness of 

bracingg as treatment strategy in patients with subacute and chronic tennis elbow. 

Patient ss and method s 
Betweenn January 1999 and May 2000, patients were recruited by both general practitioners and 

primaryy care physiotherapists and referred to the 'tennis elbow consultation' in an outpatient 

clinicc setting. Patients were included if they had clinically diagnosed tennis elbow: pain on the 

laterall  side of the elbow, which aggravated with both pressure on the lateral epicondyle of the 

humeruss and resisted dorsiflexion of the wrist. Complaints had to be present for at least six 

weeks.. Exclusion criteria were bilateral complaints, a definite decrease of pain for the last two 

weeks,, treatment for the tennis elbow episode in the last six months and inability to fil l out 

questionnaires. . 

Thee hospital's medical ethics committee approved the study. 

Studyy Design 
Baselinee assessments were undertaken by a doctor (GK) before randomisation and in a blinded 

setting.. Assessments included patient demography, co-morbidity, and baseline values of the 

outcomee measures. After retrieval of informed consent, patients were included in the trial by a 

researcherr (PS). Patients were randomised using a computer program with minimisation strategy 

forr the duration of complaints (i.e. < 3months; 3-6 months and >6 months). Patients were 

allocatedd to one of three treatment groups: (1) brace-only (2) physical therapy (3) brace and 

physicall  therapy. All patients underwent the extensor grip test, which is described below. 
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Treatment t 
Patientss in the brace-only group and the brace and physical therapy group were provided with the 

bracee immediately after randomisation. The brace used was the Epipoint (manufacturer Bauerfeind, 

Zeulenrodaa Germany) and use and application were instructed immediately, using a standardised 

protocol.. Patients were instructed to once visit a physiotherapist participating in the trial during 

thee first week of the intervention period for instruction according to the standardised protocol. 

Patientss were advised to wear the brace continuously, only during daytime. 

Extensorr Grip Test 
Thee patient was asked to dorsiflex with the painful arm against resistance (Figure 1). After one 

minutee rest, the patient was asked to perform the same test. However, this time the researcher 

(PS)) gripped the patient's arm, just below the elbow, thus simulating the effect of the brace. It 

wass noted whether the second test was less painful (positive test) or not (negative test). The test 

wass performed after inclusion and before the randomisation procedure. 

Figuree 1 - The performance of the 
extensorr  grip test 

Outcomee assessment 
Outcomess were assessed by the blinded assessor (GK) at six weeks after randomisation. Thus, the 

assessorr was unaware of the result of the extensor grip test. The outcome measures were: 

(a)) global measure of improvement assessed on a 6-point scale (1. completely recovered; 

2.. much improved; 3. littl e improved; 4. not changed; 5. littl e worse; 6. much worse). This 

measuree was dichotomised: patients reporting to be completely recovered or much improved 

weree noted as a success. 

(b)) Severity of the patient's complaints (11-point numeric scale, 0 = no complaints 10 = severe 

complaints). . 
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(c)) Patients were asked to score the pain intensity of their most important complaint (11-point 

numericc scale, 0 'no pain' 10 'severe pain'); 

(d)) Pain free function questionnaire (PFFQ) describing ten activities frequently affected in 

patientss with lateral epicondylitis. Each activity was rated 0-4 (0 'no discomfort' - 4 'severe 

discomfort')) by the patient, for a total score ranging from 0-40.10 

(e)) Satisfaction of the patient with the assigned treatment (11 -point numeric scale: 0 'not satisfied' 

100 'very satisfied'). In the analysis, all outcome measures were transformed to a 100 point 

scalee to be able to compare between outcome measures. 

Statisticall  Analysis 

Thee subgroup analyses for extensor grip test result was planned a priori. We determined the 

predictivee value of this extensor grip test for effectiveness of bracing by comparing the results 

off  patients with a negative test to patients with a positive rest. This comparison was performed 

forr all three intervention groups. Because randomisation was not stratified for extensor grip 

testt result, baseline characteristics of all groups were compared. The differences in improvement 

betweenn the groups with corresponding 95% confidence interval (95 % CI) were computed and 

weree compared using one-way analysis of variance (ANOVA). Logistic regression was used to 

analysee dichotomous outcomes. A linear regression model was applied to determine any 

correlationn between the results and other possible prognostic variables. The prognostic value of 

thee test result was determined comparing all three randomisation groups. 

Result s s 
(figur ee 2;table 1,2) 

Baselinee characteristics were comparable for all groups. (Table 1) 

Figuree 2 - Success rates at six weeks follow-up (dichotomized outcome measure) 
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Tablee 1 - Baseline Characteristics comparing patients with a positive and negative extensor  grip 
testt  in a tria l comparing Brace, Physical Therapy or  Both. 

Brace e Physical l 

Positivee Test 
(n=46) ) 

488 (10) 
188 (15) 
222 (48) 
366 (78) 
122 (26) 

488 (29,67) 
777 (60,94) 
533 (37,69) 
644 (42,86) 

Negativee Test 
(n=22) ) 

444 (11) 
244 (24) 
100 (45) 
144 (64) 
77 (32) 

466 (25,67) 
700 (49,91) 
488 (31,65) 
666 (46,86) 

Positivee Test 
(n=34) ) 

455 (9) 
166 (15) 
199 (56) 
266 (76) 

88 (24) 

466 (27,65) 
722 (53,91) 
488 (33,63) 
600 (37,83) 

Meann age in years (SD) 
Meann duration of complaints in weeks (SD) 
Sex,, male (%) 
Dominantt arm affected (%) 
Neckk / shoulder complaints (%) 
OutcomeOutcome measures 
Severityy of complaints, mean (95% CI) * 
Painn most important complaint, mean (95% CI) * 
Painn Free Function Questionnaire, mean (95% CI) i 
Inconvenience,, mean (95% CI) t 

**  Range 0-100, a score of 100 indicates severe pain 
tt Pain Free Function Questionnaire, modified score (range 0-100), 100 indicates severe disability. 
$$ Range 0-100, a score of 100 indicates severe inconvenience. 

Tablee 2 - Results at 6 weeks comparing patients with a positive and negative extensor  grip test in 
aa tria l comparing Brace, Physical Therapy or  Both 

Brace e Physical l 

Outcomee measures Positivee Test Negative Test Positive Test 
(n=46)) (n=22) (n=34) 

Severityy of complaints, mean decrease (95% CI) * 12 (-5,29) 6 (-10,26) 17(0,34) 
Painn most important complaint, mean decrease (95% CI) * 23 (-3,49) 11 (-6,28) 30 (5,55) 
Painn Free Function Questionnaire, mean decrease 
(95%CI)tt 11 (-7,29) 9 (-11,29) 18(5,31) 
Inconvenience,, mean decrease (95% CI) $ 24 (-7,55) 18 (-10,46) 27 (-1,55) 
Satisfaction,, mean (95% CI) f 71(48,94) 51(24,78) 77(57,97) 

**  Range 0-100, a score of 100 indicates severe complaints 
tt Pain Free Function Questionnaire, modified score (range 0-100), 100 indicates severe disability 
$$ Range 0-100, a score of 100 indicates severe inconvenience 
11 Range 0-100, a score of 100 indicates very satisfied 
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Therapy y 

Negativee Test 
(n=20) ) 

411 (6) 
188 (19) 
100 (50) 
166 (80) 
22 (10) 

411 (29,53) 
744 (55,93) 
477 (28,65) 
577 (31,83) 

Therapy y 

Negativee Test 
(n=20) ) 

144 (1,27) 
311 (6,56) 

166 (2,30) 
244 (-9,57) 
744 (52,96) 

Thee predictive value of the 'extensor grip test' 

Combination n 

Positivee Test 

( ( 

48 8 
22 2 
16 6 
25 5 
4 4 

49 9 
72 2 
49 9 
62 2 

n=30) ) 

(9) ) 
(45) ) 
(53) ) 
(83) ) 
(13) ) 

(30,68) ) 
(57,87) ) 
(33,65) ) 
(40,84) ) 

Negativee Test 
(n=25) ) 

455 (8) 
200 (25) 
122 (48) 
155 (60) 
66 (24) 

466 (32,60) 
733 (58,88) 
566 (40,72) 
566 (40,72) 

Combination n 

Positivee Test 
( ( 

22 2 
22 2 

16 6 
24 4 
78 8 

n=30) ) 

(3,41) ) 
(-10,54) ) 

(-2,34) ) 
(0,48) ) 
(61,95) ) 

Negativee Test 
(n=25) ) 

233 (5,41) 
266 (-3.55) 

233 (7,39) 
244 (-7,55) 
788 (60,96) 

Predictivee Value of the Test 
Inn the brace-only group, significant differences were identified between patients with a positive 

testt and patients 

forr three of six 

withh a negative test. (Table 2) Statistical significant differences were identified 

outcomee measures. Success-rate in the test-negative group was 23% (5/22), 

comparedd to 47% (21/45) 

mainn cc 

6,28)) in 

inn the test-positive group. Mean decrease in pain for the patient's 

mplaintt was 23 (95% CI -3,49) in the test-positive group compared to 11 (95% CI -

thee test -negativee group. Mean satisfaction in the test-positive group was 71 (95% CI 

48,94)) compared to 51 (95% CI 24,78) in the test-negative group. 
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AA comparable trend was present for all other outcome measures in the brace-only group. 

However,, differences were not statistically significant. Severity of complaints decreased 12 

(95%% CI -5,29) in the test-positive group compared to 6 (95% CI -10,26) in the test-negative 

group.. Mean decrease in the pain free function questionnaire was 24 (95% CI -7,55) in the test-

positivee group and 9 (95% CI -11,31) in the test-negative group. For inconvenience, the test-

positivee group showed a mean decrease of 24 (95% CI -7,55) and the test-negative group 

showedd a mean decrease of 18 (95% CI -10,46). 

Forr the physical therapy group and the combination group, no statistically significant differences 

betweenn test-positive and test-negative patients were found. Therefore, no predictive value of 

thee test for success of these treatment strategies could be identified. 

Discussio n n 
Thee extensor grip test seems valuable as prognostic test for effectiveness of brace, when used 

ass single treatment. 

Thee test-positives in the brace-only group performed better on success-rate, decrease in pain 

forr the patient's most important complaint and satisfaction over the short-term. Other outcomes 

weree not statistically significant different, although the results showed a similar trend. However, 

inn the physical therapy group nor the combination group, the test showed any predictive value. 

Bracess are widely applied for treatment of tennis elbow.6-7-11"13 However, effectiveness has yet 

too be proven.9 the brace supported the patient during daily activities and limited pain during 

thesee activities. The reason why the brace seems effective in some, and does not seem effective 

inn other patients is not clear. The extensor grip test was used in an attempt to at least partially 

predictt the effectiveness of a brace in the individual patient. The test is simple, and proved able 

too discriminate between patients expected to have a successful result and patients with an 

unsatisfactoryy outcome after 6 weeks. 

Consequently,, the test could implicate direction for treatment choice. The results in the test-

positivee brace-only group were comparable with results on effectiveness of physical therapy 

andd the combination therapy. Thence, in case of a positive test, a brace could be started as 

initiall  treatment strategy for the patient with sub-acute and chronic tennis elbow complaints. 

Bracess are relatively cheap and about 47% of patients will be much improved or completely 

recoveredd at six weeks. This is comparable with the success rates of the physical therapy group 

(50%)) and the combination group (44%) in the present study. For patients with a negative test, 

applicationn of a brace as single initial treatment is not advisable, since it is successful in less 
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thann a quarter of the patients at 6 weeks, which is substantially worse than the success rates in 

thee physical therapy and combination groups. 

Concluding,, the extensor grip test seems valuable as a predictive factor for effectiveness of a 

bracee as treatment strategy for tennis elbow over the short-term. The test can easily be 

incorporatedd in daily practice. 
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Abstrac t t 

Backgroundd Tennis elbow is a common complaint. Several treatment strategies have been 
described,, but no optimal strategy has been identified. Ultrasound-imaging as 
predictivee factor has never been studied. In a randomised controlled trial, 
effectivenesss of brace-only, physical therapy and the combination of both were 
compared.. Aim of the presented subgroup analysis was to determine the 
diagnosticc and predictive value of ultrasound for effectiveness of bracing as 
treatmentt strategy in patients with tennis elbow complaints. 

Methodss Patients with tennis elbow complaints were randomised. Ultrasound imaging 
wass performed before randomisation and was available for 57 patients. Outcome 
measuress at 6 weeks follow-up were success rate, and decrease in pain (0-100 
scale).. Data were analysed using an intention-to-treat analysis. 

Results.. In only 75% of the imaged patients, the clinical diagnosis could be confirmed. 
Thee following entities were identified: hypo-/hyper echogenicity, swelling, 
calcification,, bursitis, enthesiopathy, tendinitis. Positive predictive value of 
differentt ultrasound entities varied between 0.78 and 0.82. Negative predictive 
valuee ranged between 0.23 and 0.71. 
Predictivee value as studied by subgroups 1) hypo-echoic image, 2) swelling 
present,, 3) enthesiopathy, 4) any entity present or 5) no entity present showed 
noo statistically significant differences for either success-rate (range 40-54%) 
orr mean decrease in pain (range 16-28 percent point). 

Conclusionn No predictive value of pathologic findings on ultrasound was identified. The 
diagnosticc capacity of ultrasound in patients with tennis elbow is of limited 
value. . 
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Introductio n n 
Laterall  epicondylitis, or 'tennis elbow', is a frequently reported condition in medical care. The 

complaintt is characterised by pain over the lateral epicondyle of the humerus, which is aggravated 

withh resisted dorsiflexion of the wrist.12The incidence in general practice is approximately 4-

77 per 1000 patients per year with an annual incidence of 1-3% in the general population.13 5 

Thee complaint is thought to be self-limiting. The natural history of the entity can be positively 

influencedd by means of therapeutic intervention.2-6'7 If untreated, it is estimated to last from 6 

monthss to 2 years.13'4-8 In literature, over 40 treatment options are described.9 Examples include 

ann expectant waiting policy, corticosteroid injections, orthotic devices and physical therapy. 

Surgeryy may be used for chronic, disabling cases. In Dutch primary care, 21% of the patients 

withh lateral epicondylitis are prescribed an orthotic device as a treatment strategy, and physical 

therapyy is described in approximately 28% of the patients.1 

Diagnosticc strategies, such as ultrasound, have not been used to support the choice between 

differentt treatment strategies. 

Mafullii  et al. 10 reported the ultrasound findings in patients with tennis elbow and showed that 

sixx different entities could be identified: 1) enthesiopathy, 2) tendonitis, 3) peritendonitis, 4) 

bursitis,, 5) intramuscular lesions, 6) mixed lesions. Mafulli et al. reported the possible prognostic 

valuee of ultrasound as a diagnostic tool in patients with tennis elbow. As ultrasound is a relatively 

cheapp diagnostic tool, application might be useful for supporting choice of therapy. In the 

currentt study, the primary aim was to determine within a trial the prognostic value of ultrasound 

findingss and the interaction of findings with effectiveness of three conservative treatment 

strategies:: brace; physical therapy and the combination of both. 

Patient ss and method s 
Betweenn January 1999 and May 2000, patients with tennis elbow complaints were recruited by 

regionall  general practitioners and primary care physical therapists and referred to the 'tennis 

elboww consultation' in an outpatient clinic setting. Patients were included if they had clinically 

diagnosedd tennis elbow: pain on the lateral side of the elbow, aggravated with both pressure on 

thee lateral epicondyle of the humerus and resisted dorsiflexion of the wrist. Complaints had to 

bee present for at least 6 weeks. Patients were excluded in case of bilateral complaints, a definite 

decreasee of pain over the last two weeks, treatment for the current tennis elbow episode in the 

lastt six months and inability to fil l out questionnaires. 

Thee hospital's medical ethics committee approved the study. 
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Studyy Design 
Baselinee assessments were undertaken by a doctor (GK) before randomisation and in a blinded 

setting.setting. Assessments included patient demographics, co-morbidity, and baseline values of the 

outcomee measures. After retrieval of informed consent, patients were included in the trial by a 

researcherr (PS) and randomised using a computer program with minimisation strategy for the 

durationn of complaints (i.e. < 3months; 3-6 months and >6 months). Both patient and researcher 

weree able to see the allocated treatment on the computer screen. Patients were allocated to 

eitherr (1) brace only (2) physical therapy (3) brace + physical therapy. From a random sample 

off  75 patients, ultrasound images were made from both arms by a trained echoscopist using a 

7.55 MHz linear array transducer. A standardised imaging protocol was used, in which a good 

vieww of the tendon was achieved. These images were evaluated by another echoscopist (MS) 

withoutt knowledge of either the injured side or the assigned treatment. Evaluation was performed 

usingg a standardised scoring-form, assessing the following entities: 

1)) Echogenicity (hypo-, normal or hyper-echogenic), 

2)) Swelling (present or not present) 

3)) Calcifications (present or not present), 

4)4) Bursitis (bursa under the inferior surface of the extensor carpi radialis brevis (ECRB) tendon) 

5)5) Location of the lesion 

a.. Enthesiopathy (proximal part of the tendon enlarged with echogenicity alterations) 

b.. Tendinitis (tendon ECRB enlarged with echogenicity alterations and loss of normal tendon 

structure) ) 

c.. Peri-tendinitis (thickening of the peritendonous lining). 

Treatment t 
Patientss in the combination group received the combination of both below mentioned protocols. 

Patientss in the brace group were provided with the brace immediately after randomisation. The 

bracee used was the Epipoint (manufacturer Bauerfeind, Zeulenroda, Germany) and use and 

applicationn were instructed immediately, using a standardised protocol. Patients in the brace-

onlyy group were instructed to once visit a physical therapist participating in the trial during the 

firstt week of the intervention period. Patients were advised to wear the brace continuously 

duringg daytime, and especially when they were to perform activities of which they thought 

couldd provoke the pain, for the six weeks intervention-period. Activities causing pain despite 

thee use of the brace were discouraged. 

Patientss in the physical therapy group were treated by a standardised protocol. During the 6 

weekss intervention period patients underwent a total of nine sessions, respectively 3,2,1,1,1 

andd 1 session(s) per week. Every session consisted of a 7.5 minutes pulsed ultrasound treatment 
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accordingg to the protocol by Binder et al.n In addition, patients were treated by friction massage 

forr 5-10 minutes. When pain subsided, patients were instructed a strengthening and stretching 

protocoll  by the physical therapist to perform at home twice daily.12 

Outcomee assessment 
Outcomess were assessed at six weeks after randomisation. The outcome measures used were 

(a)) global improvement assessed on a 6-point scale 

1.. completely recovered; 

2.. much improved; 

3.. littl e improved; 

4.. not changed; 

5.. littl e worse; 

6.. much worse). This measure was dichotomised: patients reporting to be completely 

recoveredd or much improved were noted as a success. 

(b)) pain intensity of the patient's most important complaint (11-point numeric scale, 0 no pain 

100 severe pain). 

Statisticall  analysis 
Thee diagnostic abilities of ultrasound were evaluated comparing the images of the injured arm 

andd using images of the non-injured arm as control group. The predictive value of ultrasound 

wass determined by comparing different subgroups based on ultrasound-entities. Thee differences 

inn improvement between the groups with corresponding 95% confidence interval (95 % CI) 

weree computed and were compared using one-way analysis of variance (ANOVA). Logistic 

regressionn was used to analyse dichotomous outcomes. 

Result s s 
Inn a total of 75 patients ultrasound scanning was performed. In 15 patients, the blinded 

endoscopistt judged the images to be not suitable for evaluation. In addition, three patients did 

nott return for 6 weeks follow-up. All three patients did not visit their treating physical therapist 

andd did not respond on multiple letters. Of the 57 analysed patients, 20 were treated by physical 

therapy,, 21 by brace-only treatment and 16 by both physical therapy and brace treatment. Mean 

agee of the patients was 45.5 (SD 12.8) years and mean duration of complaints was 17.0 (SD 

11.3)) weeks. The patient's dominant side was affected in 73%. 
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Diagnosticc Value (table la,b) 
InjuredInjured arm 

Whenn looked at echogenicity of the imaging, in 

threee patients 

tendonitiss in 

388 a hypo-echoicc area was 

aa hyper-echoic area was seen. Enthesiopathy was diagnosed in 

111 patients (19%). In 14 

56 6 

visualisedd and in 

377 patients (65%), 

patientss (25%) no abnormality was detected. 

Tablee la - Diagnostic value: results of ultrasound imaging 

Injuredd side 

Hypo-echoic c 
Hyper-echoic c 
Swelling g 
Calcifications s 
Bursitis s 
Enthesiopathy y 
Tendinitis s 
Anyy entity 
Noo entity 

Non-injuredd side 

38/577 67% 
3/577 5% 

35/577 61% 
3/577 5% 
1/577 2% 

37/577 65% 
11/577 19% 
43/577 75% 
14/577 25% 

11/57 7 
0/57 7 
9/57 7 
0/57 7 
0/57 7 
8/57 7 
3/57 7 

11/57 7 
46/57 7 

Tablee l b - Diagnostic value per  entity, injured arm 

Hypo-echoic c 
Swelling g 
Enthesiopathy y 
Tendinitis s 
Anyy entity 

Sensitivityy Specificity 

0.677 0.81 
0.611 0.84 
0.655 0.86 
0.199 0.95 
0.755 0.81 

Positive e 
Predictive e 

Value e 

0.78 8 
0.80 0 
0.82 2 
0.79 9 
0.80 0 

19% % 
0% % 

16% % 
0% % 
0% % 

14% % 
5% % 

19% % 
81% % 

Negativee Likelihood 
Predictivee Ratio 

Value e 

0.71 1 
0.69 9 
0.71 1 
0.46 6 
0.23 3 

Tablee 2 - Prognostic Value: results per  entity, injure d arm 

Pathologic c 
Entity y 

TotalTotal group 
Hypo-echoic Hypo-echoic 
Swelling Swelling 
Enthesiopathy Enthesiopathy 
AnyAny Entity 
NoNo Entity 

3.52 2 
3.81 1 
4.64 4 
3.80 0 
3.95 5 

Successs Rate % (<n) with succes / (n) with entity) * 

Al l l 
Treatments s 

400 (23/57) 
477 (18/38) 
499 (17/35) 
499 (18/37) 
444 (19/43) 
299 (4/14) 

**  Succes defined as completely recovered 
tt Improvement onn a 0-100 scale 

Physical l 
Therapy y 

455 (9/20) 
500 (7/14) 
544 (7/13) 
500 (7/14) 
500 (8/16) 
299 (2/7) 

orr much improved 

Brace e 

388 (8/21) 
466 (6/13) 
500 (6/12) 
500 (6/12) 
400 (6/15) 
333 (1/3) 

Combination n 

388 (6/16) 
455 (5/11) 
400 (4/10) 
455 (5/11) 
422 (5/12) 
255 (1/4) 
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Non-injuredNon-injured arm 

Inn 11 of 57 non-injured arms (19%), a hypo-echoic area in the tendon was seen. In the remaining 

466 patients, no abnormalities were visualised. 

Figuree 1 - Success rate per  entity 

100 0 

80 0 

pi pi 

88 40 

Totall  Group 
Physicall  Therapy 

•• Brace 
nn Combination 

All l 
Patients s 
(n=57) ) 

Lesion n 
present t 
(n=43) ) 

Noo Lesion 
Present t 
(n=14) ) 

Enthesiopathy y 

(n=37) ) 

Swelling g 

(n=35) ) 

Hypo--
echoginicity y 

(n=38) ) 

Prognosticc Value (table 2) 
Subgroupp analyses were made for five subgroups: 1) hypo-echoic image, 2) swelling present, 

3)) enthesiopathy, 4) any entity present or 5) no entity present. Neither of these subgroups 

showedd statistically significant differences for either success-rate or mean improvement for 

pain.. Success rates in groups 1-4 varied between 40% and 54%. Success-rate in the 'no entity' 

groupp was 29%. Decrease in pain varied in groups 1-4 from 26-28 percent-point and was 16 

percent-pointt in the 'no entity' group. These results differed, however, not statistically significant. 

Whenn success-rates and pain-improvement were compared between all different entity-groups, 

Meann improvement in Pain (SD) t 

All l 
Treatments s 

Physical l 
Therapy y Brace e Combination n 

222 (24) 
266 (28) 
266 (29) 
277 (27) 
266 (27) 
166 (21) 

288 (29) 
288 (27) 
288 (29) 
288 (27) 
277 (26) 
300 (29) 

211 (23) 
255 (27) 
244 (29) 
277 (28) 
244 (26) 
155 (15) 

222 (24) 
266 (27) 
266 (27) 
266 (26) 
288 (30) 
00 (10) 
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noo statistically significant differences were identified. Thence, none of the with ultrasound 

identifiedd subgroups differed in prognosis. 

Discussio n n 
Thee results of this study show no significant differences in effectiveness when looked at 

subgroupss based on entities identified by ultrasound. Therefore, the pathologic findings on 

ultrasoundd examination seem to have no predictive value for treatment outcome in patients 

withh tennis elbow. 

However,, caution should be applied in drawing definitive conclusions. The study is of limited 

size.. Different subgroups identified might be too small to identify differences in prognosis. 

Evaluationn based on printed images is an additional limitation of this study. Since ultrasound is 

aa dynamic diagnostic tool, real-time evaluation could lead to a different interpretation of the 

ultrasoundd findings. 

Mafullii  et al. were one of the first to report on ultrasound imaging of tennis elbow.10 They 

showedd different pathologic entities in patients with tennis elbow. Mafulli et al. stated the 

possiblee prognostic value of ultrasound imaging. Our hypothesis was that these different 

pathologicc entities are predictive factors for effectiveness of different conservative treatment 

strategies.. The results of our study do not confirm this hypothesis. Mafulli et al. were able to 

confirmm the diagnosis by ultrasonographic abnormalities in 93% of their patients.10 In our study, 

thiss was possible in 75% of the patients. A possible explanation might be the relatively mild 

complaintss of patients in our study. Another explanation might be a difference in technical 

parameterss of the ultrasound equipment used, causing abnormalities to be beyond the resolution 

off  the used scanner. In addition, our findings differed slightly compared to the Mafulli findings, 

inn particular concerning the locations of the lesion. 

Notablee finding was the relatively low success-rate in the 'no entity1 subgroup. No significant 

differences,, however, could be identified. It seems a logical finding that prognosis of treatment 

iss worse in patients where no pathology is found. Treatment might be aimed at the wrong 

patho-anatomicall  substrate. This finding may be the clearest finding from our study and warrants 

furtherr research. 

Becausee ultrasound is more and more used in physical therapy practices, identifying prognostic 

valuee of ultrasound for patients with tennis elbow would be useful. The results of our study 

showw no prognostic value of ultrasound for effectiveness of brace, physical therapy or a 
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combinationn of these strategies in patients with tennis elbow. Using more advanced ultrasound 

equipment,, abnormal findings might be found in a higher number of patients, allowing more 

reliablee conclusions concerning prognostic and diagnostic value of ultrasound in tennis elbow. 

AA future study therefore might be useful and should incorporate this advanced equipment and 

real-timee evaluation of the imaging. 

Fundin g g 
Thiss study was partly funded by Bauerfeind, manufacturer of orthotic devices. 
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Abstrac t t 

Backgroundd Tennis elbow has a high incidence leading to severe limitations in daily life 
activitiess and a high rate of work absenteeism. Physical therapy and braces are 
frequentlyy prescribed treatment strategies. The objective of the present trial 
wass to evaluate the cost-effectiveness of physical therapy, braces and the 
combinationn of both for tennis elbow. 

Methodss Patients with tennis elbow were randomised to treatment by either brace-only, 
physicall  therapy or the combination of both. Outcome measures used were 
success-rate,, severity of complaints, pain, functional disability and quality of 
life.. Direct and indirect costs were measured over 12 months. Mean costs 
differencess were evaluated by applying non-parametric bootstrap techniques. 

Resultss Since no statistically significant and clinically relevant different between 
strategiess were identified, a cost-minimisation analysis was applied. Mean total 
costss per patient were €2,069 in the brace-only, €978 in the physical therapy 
andd €1,256 in the combination group. Whilst difference in total costs between 
thee physical therapy and brace group was substantial, it was not statistically 
significantt (Mean difference €1005 95% Confidence Interval -34,1964). 

Conclusionn No clinically relevant differences were identified. Physical therapy was the 
leastt costly strategy, although not significantly. Braces do not seem to contribute 
inn a meaningful way in the management of tennis elbow. Between physical 
therapyy and combination treatment, no differences were identified. Future 
clinicall  trials should evaluate for which patients physical therapy is the most 
efficientt treatment option. 
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Introductio n n 
Tenniss elbow, or lateral epicondylitis, is characterised by pain at the lateral side of the elbow, 

aggravatedd by resisted dorsal flexion of the wrist.' It is a common complaint, with an estimated 

annuall  incidence in the general population of l%-3%.23 The natural history of tennis elbow is 

relativelyy mild: untreated, the complaints are estimated to last between six months and two years.1'4'5 

Thee experienced pain will result in inconvenience during daily activities. In addition, this will 

resultt in absence from work in approximately 10% of the tennis elbow patients in Dutch general 

practice,, for a mean sick leave of 11 weeks.6 

Severall  treatment options are available7, including a wait-and-see policy, corticosteroid injections, 

orthoticc devices, surgery, and physiotherapeutic modalities such as exercises, ultrasound, laser, 

massage,, electrotherapy and manipulations. Physical therapy and orthotic devices, mainly braces, 

aree frequently prescribed therapeutic options. In the Netherlands, 28% of the patients with 

tenniss elbow complaints are referred to a physical therapist and in 21 % of the patients a brace 

iss prescribed.6 

Concerningg effectiveness of currently widely applied strategies, a recent series of systematic 

reviewss was performed. Conclusions on effectiveness of physiotherapeutic8, corticosteroid 

injections9,, and orthotic devices such as braces10, are all similar in their conclusion that insufficient 

evidencee is present in current medical literature. Thence, no optimal treatment strategy has 

beenn identified yet. 

Inn the Netherlands, the current guidelines for general practitioners advice to apply an expectantly 

waitingg policy ". These guidelines stated that there is insufficient evidence on the effectiveness 

off  braces and physiotherapeutic modalities for tennis elbow. 

Thee high incidence of the complaint, the severe limitations in daily life activities and the high 

ratee of work absenteeism provide the need of comparing both the effects and costs of therapeutic 

modalitiess of which physical therapy and braces are the most frequently prescribed.6 Recently, 

aa randomised controlledd trial was published concerning cost-effectiveness of wait-and-see policy, 

corticosteroidd injections and a physical therapy protocol for tennis elbow.12 This trial showed 

noo reason to update the current guidelines for general practitioners which recommend a wait-

and-seee policy. 

Thee objective of the present trial was to evaluate the cost-effectiveness of physical therapy, 

bracess and combination of physical therapy and brace for tennis elbow. Thence, this randomised 

clinicall  trial, is valuable in the search for the optimal treatment strategy for tennis elbow 

complaints.. Important is the inclusion of a cost-effectiveness analysis, since this might be the 

decisivee factor in the final decision of a clinician. 
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Method s s 
Setting g 

Thee trial was performed in an urban setting in the Netherlands, between January 1999 and May 

2001.. Patients were recruited for inclusion by both general practitioners and physical therapists 

andd referred to our outpatient clinic. The hospital's medical ethics committee approved the 

studyy in July 1998. 

Patients s 
Patientss were included in the study if, at time of presentation, they had elbow complaints for at 

leastt six weeks and clinically diagnosed lateral epicondylitis. The diagnosis lateral epicondylitis 

wass made if patients reported pain on the lateral side of the elbow, which aggravated with both 

pressuree on the lateral epicondyle of the humerus and resisted dorsiflexion of the wrist. Excluded 

weree patients with bilateral complaints, with a clear decrease of pain in the last two weeks, 

patientss who had received any form of treatment for the lateral epicondylitis episode in the last 

sixx months before inclusion and patients unable to fil l out questionnaires. 

Studyy Design 
Baselinee assessments were performed by one medical doctor (GK, see acknowledgements) 

beforee randomisation. Assessments included patient characteristics, co-morbidity, and baseline 

valuess of the outcome measures. 

Afterr informed consent, patients were included in the trial. Randomisation was performed by a 

blindedd researcher (PS), using a computer program with minimisation strategy for the duration 

off  complaints (i.e. < 3months; 3-6 months and > months).13-14 

Treatmentt  strategies 
Patientss in the physical therapy group were treated according to a standardised protocol (on 

requestt available from the first author). During the six weeks intervention period, patients 

receivedd a total of nine sessions, consisting of 3,2,1,1,1 and 1 session(s) per week respectively. 

Everyy session consisted of 7.5 minutes of pulsed ultrasound treatment according to the protocol 

byy Binder et al.15 In addition, patients were treated by friction massage for 5-10 minutes. When 

painn subsided, patients were instructed a strengthening and stretching protocol (on request 

availablee from the first author) by the physical therapist to perform at home twice daily.16 A 

standardd treatment lasted 30 minutes. 

Patientss in the brace group were provided with the brace immediately after randomisation. The 

bracee used was the Epipoint (manufacturer Bauerfeind, Zeulenroda, Germany). Use and 
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applicationn were immediately instructed by the researcher (PS) using a standardised protocol 

(onn request available from the first author). Patients were instructed to visit a physical therapist 

participatingg in the trial once during the first week of the intervention period. The physical 

therapist,, again, instructed the patient according to the standardised protocol. Patients were 

advisedd to wear the brace continuously during daytime for the 6 weeks intervention-period. 

Activitiess causing pain despite the use of the brace were discouraged. 

Patientss in thee combination group received the combination of both brace and physical therapy. 

Outcomee assessment 
Outcomess were assessed by the blinded assessor (GK) at six weeks and one year after 

randomisation.. Main outcome measures were 

(a)) Global measure of improvement assessed on a 6-point scale (1. completely recovered; 2. much 

improved;; 3. little improved; 4. not changed; 5. little worse; 6. much worse).1718 This measure 

wass dichotomised: patients reporting to be completely recovered or much improved were noted 

ass a success; 

(b)) Severity of the patient's complaints (11-point numerical scale, 0 no complaints 10 severe 

complaints); ; 

(c)) Patients were asked to score the pain intensity of their most important complaint (11-point 

numericall  scale, 0 no pain, 10 severe pain); 

(d)) Quality of life, as assessed using the EuroQol19, and expressed as utilities.20 

Economicc evaluation 
Mainn objective of the economic evaluation was to assess the cost-effectiveness and cost-utility 

off  brace-only, physical therapy and the combination of brace and physical therapy for patients 

withh tennis elbow complaints. The economic evaluation was performed from a societal 

perspective,, implying that both direct health care and direct non-health care costs, as well as 

indirectt costs were used as economic indicators (Table 1). Firstly, relevant categories of resource 

utilisationn were identified. Secondly, the volume of each category was measured and multiplied 

byy the resource costs. Resource utilisation was collected using standard forms for physical 

therapistss and questionnaires filled out by the patients at 6, 26 and 52 weeks follow-up. 

Thee direct health care and non-health care costs were estimated according to the Dutch guidelines 

forr cost analysis in health care research.21 In case these guidelines were not applicable, tariffs of 

thee Dutch Central Organisation for Health Care Charges (College Tarieven Gezondheidszorg) 

weree used to estimate the costs. Visits to other health care professionals, acupuncturists, 

chiropractorss or homeopaths, were estimated based on prices recommended by the professional 

organisations.. Medication costs were estimated using prices recommended by the Royal Dutch 
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Tablee 1 - Prices used in the economic evaluation 

Euros(€)* * 

Generall  practitioner (session of max. 20 minutes) 16.59 
Physicall  therapist (session of max 30 minutes) 18.15 
Outpatientt care 40.84 
Hospitalisationn per day 170.17 t 
Professionall  home care (per hour) 22.70 t 
Acupuncturee first consult 93.35 f 
Acupuncturee subsequent consult 46.70 f 
Chiropractorr (per session) 34.03 1 
Helpp from partner/friends (per hour) 7.94 
Travell  expenses per car/public transport (per km) 0.11 
Travell  expenses per taxi (per km) 1.35 
Absenteeismm unpaid labour (per hour) 7.94 

*€ 11 =USD 1.12 
tt Surgical treatment of tennis elbow as a procedure in day-care. 
tt Mean cost of professional home care in this study population. 
ff Prices according to the Dutch Association for Acupuncture and Dutch Association for Chiropractice 

Societyy for Pharmacy.22 The time a patient spent visiting a practitioner was also included in 

costt calculations, using a shadow price of € 7.94 per hour. 

Indirectt costs of production losses due to tennis elbow complaints were calculated for both paid 

andd unpaid labour. For paid labour these costs were calculated according to the friction cost 

approach.233 24 The basic concept of the friction cost approach is that the amount of production loss 

(and/orr the costs of maintaining production) due to sick leave, depends on the time-span needed 

too restore the initial level of production and costs. Sick employees can be replaced after a necessary 

periodd of adaptation, the friction-period, which was estimated to be 122 days in the Netherlands.21 

Forr unpaid labour the indirect costs were estimated using a shadow price of € 7.94 per hour. 

Statisticall  analysis 
Ann intention-to-treat analysis was used in the economic evaluation. Patients were evaluated 

accordingg to the treatment group they were allocated to at baseline. Less than 5% of the data 

wass missing. Therefore, missing costs were substituted by the mean of the measured costs 

basedd on previous data of the patient at issue. 

Too compare costs between groups, bootstrapping was used for pair-wise comparison of the 

meann differences in direct health care, direct non-health care, indirect and total costs between 

thee three interventions. Confidence intervals were obtained by bias corrected and accelerated 

(BCA)) bootstrapping, choosing 500 for the number of replications.25 

Cost-effectivenesss ratios would be calculated if statistically significant and clinically relevant 

differencess were present between studied treatment strategies. In our study this was, however, 

nott the case. A cost-minimisation analysis was thus applied. 
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Sensitivityy analyses were performed on: 

(1)) Costs of sick-leave based on patients true salary versus mean income of the Dutch population 

byy age and gender; 

(2)) The influence of light/heavy labour on work absenteeism. 

Result s s 
Inn total, 180 patients were included in the trial and subsequently randomised to physical therapy 

(n=56),, brace-only treatment (n=68), or the combination treatment (n=56). At one-year follow-

up,, complete cost data were available for 168 (93%) patients, 63 (93%) from the brace-only 

group,, 52 (93%) in the physical therapy group and 53 (95%) in the combination group. The 

baselinee characteristics were well matched for all intervention groups. (Table 2) 

Tablee 2 - Baseline Characteristics 

Physicall  therapy Brace Combination 
(n=56)) (n=68) (n=56) 

Meann age in years (SD) 
Meann duration of complaints in weeks (SD) 
Sex,, male % 
Dominantt arm affected % 
Neckk / shoulder complaints % 
PrimaryPrimary outcome measures (SD) 

Severityy of complaints * 
Painn most important complaint * 
Painn Free Function Questionnaire t 
Utilitiess (EuroQol: 0-1) $ 

SDSD standard deviation, % percentage 
**  Rated on numeric rating scales (0-10) and transformed into scores ranging from 0-100; 

00 indicating no complaints, 100 severe complaints. 
tt Questionnaire scores between 0-40; scores were transformed into scores ranging from 0-100; 

00 indicating no complaints, 100 severe complaints. 
tt Score Euroqol ranging from 0-1 (0 death, 1 perfect health) 

Clinicall  Effects 
Att one year follow-up, no significant differences were identified between treatment strategies 

onn any of the primary outcome measures: success of treatment, severity of complaints, pain and 

utility.266 (Table 3) 

Utilisationn of health care resources and work absenteeism 
Visitss to a general practitioner were minimal in all groups. (Table 4) Obviously, the number of 

43 3 
16 6 
48 8 
77 7 
18 8 

44 4 
72 2 
48 8 

0.74 4 

(8) ) 
(16) ) 

(18) ) 
(20) ) 
(16) ) 
(0.19) ) 

46 6 
23 3 
53 3 
74 4 
25 5 

47 7 
74 4 
51 1 

0.68 8 

(ID D 
(30) ) 

(19) ) 
(18) ) 
(17) ) 
(0.25) ) 

47 7 
21 1 
50 0 
71 1 
18 8 

48 8 
72 2 
52 2 

0.68 8 

(9) ) 
(37) ) 

(17) ) 
(15) ) 
(16) ) 
(0.28) ) 
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Tablee 3 - Results at one year  follow-up (mean improvement, compared to baseline) 

A B CC A-B1 

(Physicall  (Brace) (Combination) 
Therapy)) (n=68) (n=56) 
(n=56) ) 

Success,, % (n) 
Severityy of complaints * 
Painn most important complaint * 
Painn Free Function Questionnaire 
Utilitiess (EuroQol: 0-1 )t 

899 (47) 
288 (19) 
600 (27) 
377 (16) 

0.122 (0.16) 

866 (54) 
311 (20) 
600 (28) 
400 (18) 

0.177 (0.29) 

877 (47) 
322 (21) 
588 (27) 
422 (20) 

0.188 (0.30) 

44 (-7,17) 
-33 (-10,5) 
00 (-10,11) 

-33 (-9,3) 
0.044 (-0.2,0.1) 

11 Mean differences in improvement (95% CI) 
%% Percentage 
**  Rated on numeric rating scales (0-10) and transformed into scores ranging from 0-100; 0 indicating 

noo complaints, 100 severe complaints 
tt Score on EuroQol ranging 0 death 1 perfect health 

Tablee 4 - Type of utilisation of health care resources and work absenteeism per  intervention 
groupp during 52 weeks.* 

Typee of utilisation (unit of measurement) Physical Therapy Brace Combination 
(n=56)) (n=68) (n=56) 

Generall  practice (no. of visits) 
Physicall  Therapy (no. of treatment sessions) 
Medicall  specialist care (no. of treatment sessions) 
Professionall  home care (no. of hours) 
Helpp from partner/friends (no. of hours) 
Absenteeismm from paid labour (no. of days) 
Absenteeismm from unpaid labour (no. of hours) 
Alternativee health care (no. of visits) 

**  Expressed as mean (standard deviations) 

visitss to a physical therapist was largest in the physical therapy and combination group. The 

standardisedd programme consisted of nine sessions, but patients in both groups were additionally 

treatedd with a total mean number of treatment sessions of 11.8 and 13.6 sessions, respectively. 

Inn the brace-only group, the number of visits was substantial: after 6 weeks of brace-only 

treatment,, patients received additional physical therapy treatment for a mean of 4.9 sessions. 

Patientss in the brace-only group received more professional home care as well as help from 

partnerr or friends compared to physical therapy and combination group. 

Att the start of the trial, 42 (75%) patients in the physical therapy group were employed, 55 

(811 %) patients in the brace-only group and 43 (77%) patients in the combination group. In the 

physicall  therapy group 4 patients (4/42 = 9.5%) reported sick-leave, in the brace-only group, 

122 patients (12/55 = 22%) and in the combination group 7 patients (7/43 = 16%). 

0.100 (0.4) 
11.88 (7.4) 
0.044 (0.3) 

1.44 (7.6) 
1.44 (35.6) 
4.33 (19.6) 

15.77 (41.8) 
0.099 (0.7) 

0.09 9 
4.9 9 

0.06 6 
7.0 0 

30.3 3 
11.7 7 

(0.4) ) 
(11.0) ) 
(0.3) ) 

(33.9) ) 
(96.7) ) 
(32.4) ) 

42.66 (119.9) 
0.2 2 (1.3) ) 

0.22 (0.6) 
13.66 (8.8) 
0.022 (0.1) 

00 (0) 
5.99 (16.3) 
5.66 (19.3) 
6.77 (17.0) 

0.055 (0.4) 
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A-C'' B-C1 

33 (-8,16) -1 (-14,12) 
-44 (-11,4) -1 (-8,6) 
22 (-8,13) 2 (-8,12) 

-55 (-12,1) -2 (-9,5) 
0.055 (-0.2,0.1) 0.01 (-0.1,0.1) 

Absenteeismm from unpaid work was also higher in the brace-only group: 42.6 hours (SD 119.9) 

comparedd to 15.7 hours (SD 41.8) in the physical therapy and 6.7 hours (SD 17.0) in the 

combinationn group. 

Onee patient from the brace group was hospitalised, for surgical treatment in day-care of his 

tenniss elbow complaints. Medication was prescribed to two patients in the physical therapy 

groupp and one in the combination group. An additional five patients bought medication over 

thee counter: two in the brace-only group and three in the combination group. 

Directt  health care costs 
Directt health care costs were significantly higher in the combination group compared to the 

brace-onlyy and the physical therapy group (Table 5). Mainn costs in the combination group were 

thee costs during the intervention period. 

Directt  non-health care costs 
Directt non-health care costs were significantly higher in the brace-only group when compared 

too the physical therapy group but not to the combination group. (Table 5) 

Totall  direct costs 
Totall  direct costs were €417 (SD 386) in the physical therapy group, €564 (SD 1,173) in the 

brace-onlyy group, and €518 (SD 802) in the combination group. Total direct costs did not differ 

statisticallyy significant between groups. (Table 5) 

Totall  indirect costs 
Indirectt costs were significantly higher in the brace-only group compared to the physical 

therapyy group (Table 5). Costs in the physical therapy group the were €557 (SD 1,851) 

comparedd to €1,416 (SD 2,890) in brace-only group. Mean difference was €859 (95% CI 

174;; 1,870). No statistically significant differences in indirect costs were present either between 

physicall  therapy and combination treatment, or between brace-only and combination treatment. 
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Tablee 5 - Bootstrap of the mean difference in costs (SD) in euros 

Meann (SD) 

Physicall  Therapy 
(n=56) ) 

Brace e 
(n=68) ) 

Combination n 
(n=56) ) 

Directt health care costs total 237 (149) 190 (342) 
Directt non-health care costs total 179 (298) 374(1042) 
Directt costs total 417 (386) 564(1173) 
Indirectt costs total 557(1851) 1416(2890) 
Totall  costs 975(1989) 1980(3673) 

3099 (225) 
2044 (613) 
5188 (802) 
7399 (2072) 
12588 (2403) 

SDD Standard Deviation 

Totall  costs 
Totall  costs were €975 (SD 1,989) in the physical therapy group, €1,980 (SD 3,673) in the 

brace-onlyy group and €1,258 (SD 2,403) in the combination group (Table 5). Difference in 

totall  costs between physical therapy and brace-only treatment was € 1,005 (95% CI -34; 1,964). 

Sensitivityy Analyses 
Sensitivityy analyses were performed for (1) costs of sick-leave for patients with a paid job 

usingg (a) the friction cost approach using a standard mean income of the Dutch population by 

agee and gender (main analysis); (b) the mean income of all patients (€174 for the total group of 

1800 patients) based on the true salary; (c) the patients true salary per patient and (2) light or 

heavyy labour. 

Neitherr of these two analyses performed lead to different conclusions than those resulting from 

thee primary analysis. 

Discussio n n 
Noo statistically significant differences in clinical effectiveness were found between the three 

interventionn groups. Therefore, costs might be a decisive factor in deciding which treatment is 

too be preferred for tennis elbow Although the mean total costs in the physical therapy group 

weree €1,005 lower than in the brace-only group, this difference was not statistically significant. 

Onee could argue that our study lacked power to find a statistically significant relevant difference 

inn costs. Indeed, the sample size calculation was based on identifying a relevant difference in 

clinicall  effects and not in costs. The sample size necessary to detect a clinically relevant difference 

off  €1000 would have been 120 patients per group. 
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Meann difference (95% confidence interval) 

Bracee vs. Brace vs. Physical Therapy 
Physicall  Therapy Combination vs. Combination 

477 (-116;70) -119 (-214-18) -72 (-153;-17) 
1955 (8;574) 170 (-79;517) -25 (-271:94) 
1477 (-68;502) 46 (-316;392) -101 (-504;46) 
8599 (174,1870) 677 (-234,1539) -182 (-1035,463) 
10055 (-34,1964) 722 (-474,1838) -283 (-1378,407) 

Thee direct health care costs in the physical therapy and combination group were statistically 

significantt higher than in the brace-only group. This difference was mainly the result of the 

higherr number of physical therapy sessions in the intervention period. The indirect costs were 

highestt in the brace group, suggesting that the costs of physical therapy may be worthwhile 

becausee physical therapy is associated with an earlier return to work and/or less work absenteeism. 

AA higher percentage of patients was absent from work in case of heavy labour jobs compared to 

lightt labour in all treatment groups. However, mean duration of this absence was not longer in 

alll  groups. Heavy labour might thus be a predictive factor of absenteeism due to tennis elbow 

complaints. . 

AA recently performed study evaluating physical therapy, corticosteroid injections and a wait-

and-seee policy for tennis elbow, showed similar costs for the physical therapy group.27 In our 

trial,, the total costs in this group were €975 and the costs in the trial by Korthals - de Bos et al. 

weree €921. In the latter study, no statistically significant cost-effectiveness ratios were identified. 

Itt was concluded that the current clinical guidelines for general practitioners in the Netherlands, 

recommendingg a wait-and-see policy, were adequate and that the study provided no reason to 

updatee the guidelines. In the lightt of this study, we can conclude that the current study does not 

providee any reason to update these guidelines either. In the current guidelines, there seems no 

placee for brace-only or combination treatment as initial treatment of tennis elbow complaints. 

Thee present study shows that physical therapy is more cost-effective compared with brace only 

andd equally cost-effective as the combination of brace and physical therapy. Therefore, braces 

doo not seem a useful treatment option for tennis elbow. A wait and see policy and physical 

therapyy seem to be the most efficient treatment options for tennis elbow. 

Summarising,, since there was no treatment clinically superior at long-term follow-up, the 

treatmentt which is the least costly can be preferred as initial treatment. While there were no 
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statisticall  significant differences identified between the interventions, there is no apparent 

preferredd treatment. However, physical therapy treatment showed considerably lower costs 

comparedd to brace-only treatment, although not statistically significant. 

Ass a previous cost-effectiveness study showed no differences in costs between physical therapy 

andd an expectantly awaiting policy the question remains whether physical therapy, and thence 

alsoo brace treatment, should have a place in tennis elbow treatment. 

Physicall  therapy seems more effective when compared to brace-only treatment for tennis elbow. 

Bracess do not seem to contribute meaningfully to the management of tennis elbow. Future 

trialss should evaluate whether physical therapy is an efficient treatment for patients who do not 

improve.. Subgroup analyses should be performed to identify possible prognostic factors, which 

wouldd be helpful in optimising treatment of tennis elbow. 
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Abstrac t t 

Backgroundd Tennis elbow is a common entity. Several conservative treatment strategies, 
withh varying success rates, have been described. 
Thee aim of this randomized clinical study was to compare the effectiveness of 
twoo physiotherapeutic protocols: (1) manipulation of the wrist versus (2) 
ultrasound,, friction massage and a muscle stretching strengthening protocol, 
forr treatment of tennis elbow. 

Methodss Thirty-one patients with tennis elbow complaints were included in the trial. 
Patientss were randomly allocated to either treatment. Three patients were lost 
too follow-up, leaving twenty-eight patients for analysis. Follow-up at three and 
sixx weeks took place in a research clinic. Analysis was performed using 
independentt t-tests, Mann-Whitney tests, and Fisher exact tests. 

Resultss Statistically significant differences were found for two outcome measures, both 
inn favor of manipulation. At three weeks, success rate in the manipulation group 
wass 62%, compared to 20% in the ultrasound, friction massage and muscle 
stretchingg strengthening group (RR 3.1 95% CI 1.0-9.2). At six weeks, 
improvementt for pain during the day as assessed on an eleven-point numeric 
scalee was 5.2 ) in the manipulation group, compared to 3.2 ) in the 
ultrasound,, friction massage and muscle stretching strengthening group 
(p<0.05). . 

Conclusionss Manipulation of the wrist demonstrates to be more effective to ultrasound, 
frictionn massage and muscle stretching strengthening for treatment of tennis 
elboww at short-term follow-up. However, results need replication in a large-
scalee randomised clinical trial. 
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Introductio n n 
Tenniss elbow is characterized as pain at the lateral side of the elbow, aggravated with movements 

off  the wrist, palpation of the lateral side of the elbow or by contraction of the extensor muscles 

off  the wrist. The incidence of tennis elbow in Dutch general practice is approximately 4-7 per 

10000 patients a year with a peak incidence in the fifth decade12. Tennis elbow is a self-limiting 

complaint:: when untreated the symptoms will usually resolve in eight to twelve months34. 

Severall  treatment strategies have been described, including a wait-and-see policy by providing 

onlyy advises to patients, corticosteroid injections, orthotic devices, surgery, and physical 

therapeuticc modalities such as muscle stretching and strengthening exercises, ultrasound, laser, 

massagee and electrotherapy5,6. 

Manipulationn has frequently been used for treatment of back- and neck complaints7-8 and is 

thoughtt to (1) unbuckle motion segments that have undergone disproportionate displacement 

andd (2) cause relaxation of secondary muscle hypertony910*1113 These mechanisms are thought 

too be associated with distribution of abnormal stresses within the joint, resulting in pain, 

restrictionn of motion and potentially inflammation". 

Thee aim of this randomized clinical pilot study was to compare the effectiveness of manipulation 

off  the wrist to the effectiveness of a protocol using friction massage, ultrasound and a muscle 

stretchingg strengthening program for treatment of tennis elbow complaints with the hypothesis 

thatt there is no difference in effectiveness of both physiotherapeutic interventions. 

Method s s 
Betweenn April 2000 and August 2000, patients were recruited for inclusion by ten general 

practitionerss in a city in the Netherlands and referred to our research clinic if diagnosed by their 

generall  practitioner with lateral epicondylitis, according do the Dutch Guidelines for General 

Practitioners:: pain on the lateral side of the elbow, which aggravated with both pressure on the 

laterall  epicondyle of the humerus and resisted dorsiflexion of the wrist. Patients were finally 

includedd by a clinical assessor (PD) if they had clinically diagnosed tennis elbow, with complaints 

beingg present for at least six weeks and no longer than six months. Exclusion criteria were no 

limitedd range of motion, according to the clinical assessor; bilateral complaints; a definite decrease 

inn pain for the last two weeks, as described by the patient; severe neck/shoulder problems likely 

too cause or maintain the elbow complaints (as assessed by the clinical assessor); treatment for the 

currentt episode; and inability to fil l out questionnaires. The study was approved by the hospital's 

medicall  ethics committee. However, since it was a pilot study, and not intended to find statistically 

significantt differences, the number of requested patients was arbitrarily set at 30 patients. 
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Thee clinical assessor undertook baseline assessments before randomisation. Assessments 

includedd patient demography, co-morbidity, and baseline values of the outcome measures. After 

obtainingg informed consent, patients were included in the trial. After inclusion, essential patient 

dataa were transferred by telephone to an independent researcher (PS), who drew a numbered 

sealedd envelope. Patients were randomized over two treatment groups: (1) manipulation (2) 

ultrasound,, friction massage and muscle stretching strengthening. The researcher (PS) informed 

thee physical therapist concerned, who would call the patient for a first treatment session. Patients 

weree asked not to discuss their treatment with the clinical assessor. Thus, the clinical researcher 

remainedd unaware of the allocated treatment, throughout the trial. 

Patient ss and method s 
AA total of thirty-eight potentially eligible patients was referred for inclusion in the study 

(Figuree 1). Seven patients were not included: three patients had complaints for a too short 

periodd of time, two patients had double-sided complaints and two patients had severe neck/ 

Figuree 1. Flow diagram presenting the progress of the patients in the trial , including withdrawals 
andd deviations from protocol. 

Eligiblee patients 

Nott randomised (n=7) 

Randomisedd (n=31) 

Complaintss < 6 weeks (n=3) 
Severee neck-shoulder problems (n 
Bilaterall  complaints (n=2) 

-2» » 

R R 

US,, FRICTION , 
MUSCLEE STRETCHING , 
TRENGTHENIN G G 
N=I6 6 

Drop-outt (n=l)* 
Unsatisfiedd with allocated 
treatmentt (n=l) 

Followed-up p 
33 weeks <n=15) 
66 weeks (n=15) 

Completedd Trial (n=15) 

MANIPULATIO N N 

N=15 5 

Drop-outt (n=2)* 
Travell  distance too far (n=2) 

Followed-up p 
33 weeks (n=13) 
66 weeks (n=13) 

Completedd Trial (n=13) 

®® Randomisation 
**  Patients withdrawn from study before completion of treatment. 
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shoulderr pathology. Therefore, thirty-one patients were randomized. Three patients were not 

willin gg to continue participation in the study, and were regarded as drop-outs: two patients 

fromm the manipulation group claiming after two and three sessions that the distance to the 

physicall  therapy practice was too far, and one patient from the ultrasound, friction massage and 

musclee stretching strengthening group who was not satisfied with the allocated treatment after 

onee session. The remaining twenty-eight patients were evaluated on an intention-to-treat basis. 

Figuree 2a-d - The manipulation: The wrist is manipulated from the neutral position (a,b) to 
maximall  dorsalflexion (c,d) 

Treatment t 
Ultrasound,, friction massage and muscle stretching, strengthening. 

Patientss in this group were treated by a standardized protocol. This exact protocol was used in 

aa previous large trial on tennis elbow.14 During the six weeks intervention period, patients 

underwentt a total of nine sessions. The first week three sessions, the second week two sessions 
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andd the remaining four weeks one session per week. Every session consisted of a 7.5 minutes 

pulsedd ultrasound treatment (sonopuls 590, Enraf Nonius®)15. Pulsed ultrasound (20% duty 

cycle)) was given with an intensity of 2W/cm2. In addition, patients were treated by friction 

massagee for approximately ten minutes. When pain subsided, patients were instructed a 

strengtheningg and stretching protocol by the physical therapist to perform at home twice daily16. 

Thesee exercises were intensified in four steps. Patients were instructed to use the elbow to their 

pain-threshold.. In case complaints had resolved, treatment was stopped. 

Manipulatio n n 
Patientss were treated two times per week with a maximum of nine treatments in six weeks, all 

byy the same physical therapist (EB), experienced in this manipulative procedure. As soon as 

complaintss resolved, treatment was stopped. A therapeutic session consisted of a number of 

manipulativee maneuvers. The manipulative maneuver is a thrust technique and was performed 

ass follows (figure 2): the patient rested his forearms on a table with the palmar side of his hand 

facingg down. The therapist sat at a right angle to the patients' affected side and the scaphoid 

bonee between his thumb and index finger. He consolidated this grip by placing the thumb and 

thee index finger of his other hand on top of them. The therapist then extended the patient's wrist 

dorsallyy at the same time the scaphoid bone is manipulated ventrally. Duration of a treatment 

wass approximately fifteen minutes. No restrictions in use of the arm were imposed. 

Noo previous description of this maneuver was found in literature. 

Outcom ee assessmen t 
Outcomee was assessed at three and six weeks after start of the treatment. Primary outcome 

measuree was patients assessment of 'global measure of improvement' assessed on a six-point 

scalee with verbal descriptives (1. completely recovered; 2. much improved; 3. slightly improved; 

4.. not changed; 5. slightly worse; 6. much worse). This measure was dichotomized: a success 

wass defined before the start of the study as much improved or completely recovered, based on 

previouss studies71417. 

Otherr outcome measures were a) severity of their main complaint b)pain at the moment of 

examinationn c) pain during the day and d) inconvenience during daily activities (all scored on 

ann eleven-point numeric scale) 

Secondaryy outcome measures were e) Pain-free grip strength (PFGS) and f) maximum grip 

strengthh (MGS) (grip strength was measured in kilograms with a Jamar hand dynamometer 

(PGB,, Bussum, the Netherlands) and was expressed both as mean improvement and improvement 

inn a ratio of injured arm / non-injured arm18; 

g)g) Pressure pain (PP) at the lateral epicondyle was measured in kg/cm2 with a Pressure Threshold 
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Meterr (Pain diagnostics & treatment inc., Great Neck, NY 11023, USA) and expressed both as 

meann improvement and improvement in ratio injured arm / non-injured arm. In addition, h) 

dorsiflexionn and the range flexion-extension of the wrist was measured using a goniometer. 

Too ascertain if blinding was adequate, the clinical assessor was asked to guess the allocation 

(manipulationn or ultrasound, friction massage and muscle stretching strengthening) of the 

includedd patients at six weeks follow-up. 

Statisticall analysis 
Dataa were analyzed using SPSS version 10.0. Differences in continuous outcome measures 

weree compared using independent t-tests in case of normal distribution. In case the distribution 

wass not normal, the Mann-Whitney test was applied. Dichotomous outcomes were analyzed 

usingg the Fisher-exact test. 

Result s s 
Thee baseline characteristics of the two groups were similar regarding initial demographic and 

outcomee measurements, except for the male/female distribution and duration of complaints (table 

1),, though differences were not statistically significant at the a =0.05 level. 

Tablee 1 - Baseline characteristics 
ManipulationManipulation of the wrist versus Ultrasound, friction massage and muscle stretching strengthening 

Characteristicc * t 

Numberr of patients 
Meann age, years (SD) 
Durationn of complaints, wks (SD) 
Sexx (male/female) 
Dominantt arm affected (%) 
OutcomeOutcome measures 

Painn patient's main complaint, NRS (SD) 
Painn at the moment, NRS (SD) 
Painn during day, NRS (SD) 
Inconvenience,, NRS (SD) 
Painn Free Grip Strength, kg (SD) 
Maximumm Grip Strength, kg (SD) 
Ratioo PFGS/MGSn.,(5D) 
Pressuree Pain, kg/cm2 (SD) 

Manipulatio n n 

13 3 
46.3 3 
14.2 2 
9/4 4 

76.9 9 

6.4 4 
3.9 9 
6.3 3 
6.7 7 

19.7 7 
33.5 5 
0.5 5 
2.0 0 

(8.4) ) 
(12.3) ) 

(1.6) ) 
(2.7) ) 
(1.3) ) 
(2.4) ) 

(10.7) ) 
(13.7) ) 

(0.3) ) 
(0.5) ) 

US,FM,MS$ $ 

15 5 
47.5 5 
9.3 3 
6/9 9 

73.3 3 

7.3 3 
4.4 4 
6.3 3 
7.3 3 

15.9 9 
28.1 1 
0.4 4 
1.7 7 

(11.5) ) 
(6.1) ) 

(1.5) ) 
(2.8) ) 
(1.4) ) 
(1.4) ) 

(11.0) ) 
(14.4) ) 

(0.3) ) 
(0.2) ) 

**  NRS: Numeric Rating Scale (0-10) 
tt n.i.: non-injured arm 
tt US,FM,MS Ultrasound, Friction Massage and Muscle Stretching Strengthening protocol 
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Att three weeks, our primary outcome measure differed statistically significant between groups, in 

favorr of the manipulation treatment. On global measure of improvement eight of thirteen patients 

weree either much improved or completely recovered in the manipulation group, compared to 

threee from fifteen patients in the ultrasound, friction massage and muscle stretching strengthening 

group.. The accompanying relative risk was 3.1 (95% confidence interval 1.0-9.2). 

Decreasee in VAS-scores for pain for the most important complaint, pain at rest, pain during the 

dayy and inconvenience all showed a similar positive trend for the manipulation treatment, 

thoughh differences were not statistically significant (table 2). 

Att six weeks follow-up, decrease in score for pain during the day differed statistically significant 

betweenn groups. The mean decrease in the manipulation group was 5.2 (SD 2.4) compared to 

3.22 (SD 2.1) in the ultrasound, friction massage and muscle stretching strengthening group. 

Al ll  other outcome measures showed a similar trend positive for the manipulation, however, 

differencess were not statistically significant (table 2). 

Att three and six weeks, for range of motion no statistically significant differences were identified 

inn mean improvement per group or improvement between groups (table 3). 

Thee average number of sessions to reach a successful result ('much improved' or 'completely 

recovered')) was an average of 6.6 manipulation sessions and 9.0 physical therapy sessions. 

Thiss difference was not statistically significant (Mean difference 3.4 95% CI -6.2 , 9.7) 

Concerningg guessing the allocated treatment, the clinical assessor was correct for 39% of the 

patientss (less than chance). 

Tablee 2 - Results 
ManipulationManipulation of the wrist versus Ultrasound, friction massage and muscle stretching strengthening 

Outcomee measure 

Globall  improvement, number of patients (%) 
Painn main complaint, mean decrease NRS (SD) 
Painn at the moment, mean decrease NRS (SD) 
Painn during day, mean decrease NRS (SD) 
Inconvenience,, mean decrease NRS (SD) 
Painn Free Grip Strength, mean increase, kg (SD) 
Maximumm Grip Strength, mean increase, kg (SD) 
Ratioo PFGS/MGS n., mean increase (SD) 
Pressuree Pain (PP), mean increase, kg/cm: (SD) 
Ratioo PP/PPn i , mean increase (SD) 

Manipulation n 

8/13 3 
2.6 6 
1.9 9 
2.6 6 
3.0 0 
5.8 8 
1.8 8 
0.1 1 
0.7 7 
0.2 2 

(62%% )t 
(1.7) ) 
(2.7) ) 
(2.6) ) 
(3.2) ) 

(11.1) ) 
(10.0) ) 

(0.2) ) 
(1-0) ) 
(0.3) ) 

33 weeks 

US,FM,MSS 1 

3/15 5 
2.1 1 
1.5 5 
1.7 7 
2.3 3 
3.7 7 
-0.3 3 
0.1 1 
0.5 5 
0.1 1 

(20%)t t 
(2.2) ) 
(2.6) ) 
(1.6) ) 
(2.7) ) 

(11.5) ) 
(7.4) ) 
(0.2) ) 
(0.6) ) 
(0.3) ) 

P-value e 

0.05 5 
0.57 7 
0.34 4 
0.18 8 
0.22 2 
0.11 1 
0.13 3 
0.66 6 
0.12 2 
0.20 0 

SDD Standard Deviation * n.i.: non-injured arm t NRS (0-10): 0 = no complaints, 10 = severe 
complaintss % Significant differences (a <0.05) between groups 1 US,FM,MS Ultrasound, Friction 
Massagee and Muscle Stretching Strengthening protocol 
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Tablee 3  Results Range of Motion measurements (in 

Injuredd arm 

Manipulationn US,FM,MS* 

degrees) ) 

Non--

Manipulation n 

injured d arm m 

US,FM,MS S 

Dorsall  Flexion 
Baseline e 
33 weeks 
66 weeks 

Range e 
Baseline e 
33 weeks 
66 weeks 

63.0 0 
64.5 5 
62.0 0 

110.9 9 
112.9 9 
118.6 6 

(8.3) ) 
(8.1) ) 
(8.8) ) 

(16.3) ) 
(17.4) ) 
(16.4) ) 

60.5 5 
63.0 0 
64.6 6 

112.2 2 
113.9 9 
121.2 2 

(7.4) ) 
(8.3) ) 
(8.1) ) 

(9.4) ) 
(9.4) ) 

(13.0) ) 

64.9 9 
65.3 3 
63.8 8 

115.3 3 
116.0 0 
119.0 0 

(6.9) ) 
(5.9) ) 
(6-4) ) 

(15.4) ) 
(14.3) ) 
(14.7) ) 

64.6 6 
64.7 7 
65.4 4 

117.9 9 
123.7 7 
123.7 7 

(7.2) ) 
(9.5) ) 
(8.5) ) 

(12.8) ) 
(17.8) ) 
(16.8) ) 

**  US,FM,MS Ultrasound, Friction Massage and Muscle Stretching Strengthening protocol 
Note:: none of the possible calculable differences are statistically significant on the p=0.05 level. 

Alternativee analyses 
AA worst-case analysis was performed for the success rate and pain during the day for at 3 and 6 

weekss follow-up. For the patients lost to follow-up the last observation carried forward method 

wass applied, meaning baseline measurements in our case. Statistical significant differences 

weree no longer present with p-values >0.2 for all calculated outcomes. 

Also,, a post-hoc power-analysis was performed on success rate at 3 weeks as outcome measure 

andd a =0.05. This resulted in a power of 0.68 (6 0.32). 

Manipulation n 

11/133 (85%) 
4.44 (1.5) 
3.11 (2.5) 
5.22 2.4)1 
4.88 (2.6) 
14.88 (17.3) 
6.22 (10.5) 
0.33 (0.3) 
1.66 (2.0) 
0.33 (0.2) 

66 weeks 

US,FM,MS S 

10/15 5 
3.7 7 
2.7 7 
3.2 2 
3.7 7 
8.5 5 
4.0 0 
0.2 2 
0.7 7 
0.3 3 

(67%) ) 
(2.7) ) 
(3.4) ) 
2.1)$ $ 
(2.7) ) 

(10.6) ) 
(11.7) ) 
(0.2) ) 
(0.8) ) 
(0.3) ) 

P-value e 

0.40 0 
0.33 3 
0.27 7 
0.03 3 
0.19 9 
0.13 3 
0.15 5 
0.31 1 
0.18 8 
0.55 5 
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Discussio n n 
Thiss study shows that manipulation of the wrist might have additional treatment effects compared 

too ultrasound, friction massage and muscle stretching strengthening for treatment of tennis 

elboww over the short-term. For global improvement at three weeks and decrease in the score for 

'painn during the day' at six weeks, a statistically significant difference (p=0.05) in favor of 

manipulationn was found. 

Alll  other outcome measures show a similar trend, favoring manipulation, although no significant 

differencess were identified. This is most likely due to the small number of patients included, 

resultingg in a low power. A post-hoc power analysis showed the power of this small-sized study 

too be 0,68 (8 0.32), as calculated using the success rate at 3 weeks (a 0.05). This will have 

inflatedd the chance of a type II error in our study. The small size and resulting low power of the 

studyy implies that caution has to be applied in drawing definitive conclusions on effectiveness 

betweenn both strategies compared. In addition, a worst case analysis showed no statistical 

significantt differences. 

Thee number of outcome measures might have inflated type I error in our trial. However, this 

wass limited by a priori deciding the hierarchy in our outcome measures. In addition, outcome 

measuress all addressed different, both patient-oriented and non patient-oriented, dimensions. 

Anotherr shortcoming of the study is that only short-term effects are described. Although often 

patientss are mainly interested in a fast recovery, effects over the long-term might be less distinctive 

duee to, for example, recurrence of complaints. In a recent trial by Hay et al. comparing 

corticosteroidd injections with NSAIDs, the initial advantage of injections subsided at long-

termm follow-up19. 

Thee manipulation was performed by an experienced therapist. Therefore, the results might be 

overestimated,, compared to what may be expected in with implementation on a larger scale 

withh less experienced therapists. Patients in the manipulation group were not limited in daily 

activities,, while in the ultrasound, friction massage and muscle stretching strengthening group 

activitiess were restricted to the pain threshold. Therefore, the effectiveness of the manipulation 

mightt be caused by difference in co-interventions. Concerning baseline characteristics, 

differencess between groups were present for the male/female distribution and duration of 

complaints.. This may have introduced bias, however, gender has not been reported to be a 

prognosticc factor1 and duration of complaints was longer in the manipulation group and 

effectivenesss may therefore even be underestimated. 

Theree is no international indexed literature on manipulation of the wrist for treatment of tennis 

elbow.. In contrast, stretching of the forearm muscles as part of the treatment for tennis elbow, 
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hass been reported frequently16-20. To achieve effective stretching, the wrist joint is moved to the 

endpointt of joint movement. A secondary effect of this stretching might be based on the 

unbucklingg of disproportionate displaced motion segments. Also, the so-called Mills ' 

manipulationn is described which, however, is aimed at manipulation of the elbow joint5. 

Despitee its broad application, the working mechanism of manipulation is poorly understood. 

Manuall  therapy is used quite often for spine and peripheral joints, in spite of the inability of 

clinicianss to accurately diagnose an impairment at which a manipulation is targeted. In low 

backk pain and neck pain, spinal manipulation is thought to unbuckle motion segments that have 

undergonee disproportionate displacements and relax secondary hypertonic muscle by sudden 

stretching"133 The secondary muscle hypertony in patients with low back pain will cause a 

limitedd range of motion to protect against sudden movements. Pain in these patients can be 

elicitedd by palpation on the insertion of these para-vertebral muscles.21 

Authorss have come up with following rationale for the effectiveness of manipulation for tennis 

elbow.. This rationale, however, has several flaws with should be notified. 

Solvebornn et al. reported on limited range of motion of the wrist in patients with tennis elbow, 

whenn compared to the uninjured arm22. It is our hypothesis that in tennis elbow patients, a 

disproportionatee displacement within carpal bones leads to secondary hypertonic forearm-

muscles.. This will lead to a limited range of motion of the wrist and pain at the insertion of the 

extensorr muscles, presenting as tennis elbow. By treating the cause, the secondary symptoms 

beingg the insertion tendinopathy, are likely to resolve spontaneously. It is important to realize 

thatt adequate measurement of such a supposed displacement is extremely difficult achieve. An 

additionall  limitation is the precise measurement of the extension deficit, which can be felt by 

ann experienced therapist, but is difficult to objectify adequately. 

Thus,, to clarify the exact working mechanism, further biomechanical research is required. 

Thee advantage of thee manipulation of the wrist is the potential effectiveness over the short-term 

andd the ability for the patient to maintain his daily activities without restrictions. 

Inn addition, manipulation might be more direct cost-effective due to a reduction in the number 

off  treatments. Considering the relatively high prevalence of the injury, this might implicate a 

majorr cost reduction on population level. 

Thee promising results of this trial need replication in a large-scale randomized clinical trial. 

Thee trial should be sufficiently powered and should compare manipulation of the wrist to the 

mostt commonly used and potentially effective conservative treatment strategies for tennis elbow. 

Validatedd outcome measures should be used and evaluated over short-term, intermediate-term 
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andd long-term17. More treating therapists should be included and inter-performer variability 

shouldd be studied. In addition to the analysis of the effectiveness of the compared treatment 

strategies,, a cost-effectiveness analysis should be incorporated in the trial, since reduced costs 

aree an important advantage of the manipulative treatment. The analysis should concentrate on 

bothh direct and indirect costs23. 

Acknowledgement s s 
Authorss would like to thank Jeroen Coster for performing the ultrasound, friction massage and 

musclee stretching strengthening treatment, the cooperating general practitioners for referring 

patientss to the study and ms. N Smidt for collaboration in development of the treatment protocol 

andd outcome measures. 

Referenc ee Lis t 
1.. Blanken K. De tenniselleboog. Huisarts Wet 1981;24:300-3 
2.. Hamilton PG. The prevalence of humeral epicondylitis: a survey in general practice. J Roy Coll Gen 

PractPract 1986;36(291):464-5 
3.. Bailey RA, Brock BH. Hydrocortisone in tennis elbow - a controlled series. J Roy Soc Med 1957 ;50:389-90 
4.. Cyriax JH. The pathology and treatment of tennis elbow. J Bone Joint Surg Am. 1936;4:921 -40 
5.. Labelle H, Guibert R, Joncas J, Newman N, Fallaha M, Rivard CH. Lack of scientific evidence for the 

treatmentt of lateral epicondylitis of the elbow. An attempted meta-analysis. J Bone Joint Surg Br 
1992;74:646-51 1 

6.. Assendelft WJ, Hay EM, Adshead R, Bouter LM. Corticosteroid injections for lateral epicondylitis: a 
systematicc overview. Br J Gen Pract 1996;46:209-16 

7.. Koes BW, Assendelft WJ, van der Heijden GJ, Bouter LM, Knipschild PG. Spinal manipulation and 
mobilisationn for back and neck pain: a blinded review. BMJ 1991;303:1298-1303 

8.. Shekelle PG, Adams AH, Chassin MR, Hurwitz EL, Brook RH. Spinal manipulation for low-back 
pain.. Ann Intern Med 1992; 117(7):590-8 

9.. Cooperstein R, Perle SM, Gatterman MI, Lantz C, Schneider MJ. Chiropractic technique procedures 
forr specific low back conditions: characterizing the literature. J Manipulative Physiol Ther 
2001;24:407-24 4 

10.. Roland M. A critical review of the evidence for a pain-spasm-pain cycle in spinal disorders. Clin 
BiomechBiomech 1986;1:102-9 

11.. Shekelle PG. Spinal manipulation. Spine 1994;19(7):858-61 
12.. Triano JJ. Studies on the biomechanical effect of a spinal adjustment. J Manipul Physiol Ther 

1992;15:71-5 5 
13.. Wilder DG, Pope MH, Frymoyer JW. The biomechanics of lumbar disc herniation and the effect of 

overloadd and instability. J Spinal Disord 1988; 1(1): 16-32 
14.. Smidt N, van der Windt DA, Assendelft WJJ, Deville WL, Korthals-de Bos IB, Bouter LM. 

Corticosteroidd injections, physiotherapy, or a wait-and-see policy for lateral epicondylitis: a randomised 
controlledd trial. Lancet 2002;359:657-62 

15.. Binder A, Hodge G, Greenwood AM, Hazleman BL, Page TD. Is therapeutic ultrasound effective in 
treatingg soft tissue lesions? BMJ (Clin.Res.Ed) 1985;. 290:512-4 

16.. Pienimaki TT, Tarvainen TK, Siira PT, Vanharanta H. Progressive strengthening and Stretching 
Exercisess and Ultrasound for Chronic Lateral Epicondylitis. Physiother 1996;82(9):522-30 



87 7 Manipulationn of the wrist for treatment of tennis elbow 

17.. Stratford P, Levy DR, Gauldie S, Levy K, Miseferi D. Extensor carpi radialis tendonitis: a validation 
off  selected outcome measures. Physiother Can 1987;39(4):250-4 

18.. Stratford PW, Levy DR. Assessing valid change over time in patients with lateral epicondylitis at the 
elbow.. Clin J Sports Med 1994;4(2):88-91 

19.. Hay EM, Paterson SM, Lewis M, Hosie G, Croft P. Pragmatic randomised controlled trial of local 
corticosteroidd injection and naproxen for treatment of lateral epicondylitis of elbow in primary care. 
BMJBMJ 1999;319(7215):964-8 

20.. Solveborn SA. Radial epicondylalgia ('tennis elbow'): treatment with stretching or forearm band. A 
prospectivee study with long-term follow-up including range-of-motion measurements. Scand J Med 
SciSci Sports 1997;7(4):229-37 

21.. Koes BW, Bouter LM, van Mameren H, Essers AH, Verstegen GM, Hofhuizen DM, Houben JP, 
Knipschildd PG. Randomised clinical trial of manipulative therapy and physiotherapy for persistent 
backk and neck complaints: results of one year follow up. BMJ 1992;304:601-5 

22.. Solveborn SA, Olerud C. Radial epicondylalgia (tennis elbow): measurement of range of motion of 
thee wrist and the elbow. J Orthop Sports Phys Ther 1996;23(4):251-7 

23.. Thompson SG, Barber JA. How should cost data in pragmatic trial be analysed ?BM./2000;320:1197-
1200 0 





C h a p t e r r 

Generall  discussion 

VIM M 





91 1 Generall discussion 

Genera ll  discussio n 
Sincee more than a century, tennis elbow is known as a highly prevalent and sometimes disabling 

complaint.. It is a complaint that limits patients in daily activities, in some patients causing 

problemss in work and even absenteeism. Both loss of unpaid and paid labour makes it a complaint 

withh not only implications for the patients, but also with economical implications. The more 

importantt it is to know and provide optimal medical care, looking at both the effectiveness and 

costss of treatment strategies. Up to now, there is insufficient evidence in the medical literature 

too allow drawing definitive conclusions concerning effectiveness of widely used approaches, 

likee the use of a brace or physical therapy treatment. In this thesis, the effectiveness of brace-

onlyy treatment,, physical therapy treatment and the combination of both strategies was evaluated 

inn a large-scale randomised clinical trial. 

Thee known literature on effectiveness of brace treatment, more broadly described as orthotic 

devices,, for tennis elbow complaints was described in a systematic review. The first step in 

developingg a systematic review is to search medical literature for comparative trials on a specific 

topic.. Extensive search of the literature resulted in only five small-scale randomised clinical 

trialss comparing this type of treatment with others for tennis elbow. These trials were then 

assessedd on quality using a criteria list.1 This assessment initially resulted in the five trials 

beingg judged as "inadequate" concerning methodological quality. When the authors were 

contactedd and requested for additional information on the quality items that were initially 

inadequatelyy described in their trials, all authors came up with additional and trustworthy 

information.. This information resulted in a new assessment with a more positive view on quality. 

Basedd on this experience we can conclude that all authors had major flaws in the initial 

presentationn of their trial. Trials turned out to be adequately performed, but not adequately 

describedd in their published manuscripts. This finding implicates that the presentation of a trial 

shouldd be of utmost attention to the trialists.2 The major problem with the five included trials 

wass that the trials were heterogeneic on interventions, outcome measures and duration of follow-

up.. Thence, it was not possible to draw definitive conclusion concerning effectiveness of braces 

forr tennis elbow. These conclusions made it even more important to perform a high-quality, 

sufficientlyy powered trial comparing braces with other therapeutic modalities for tennis elbow 

complaints. . 

Thee ELO trial 
AA large randomised prospective trail, the ELO-trial (Epicondylitis Lateralis Onderzoek in Dutch, 

Laterall  Epicondylitis Study in English), was started in January 1999. The sample size calculation 

indicatedd that a total of 180 patients would be adequate to draw definitive conclusions on 

effectivenesss of braces and physical therapy for tennis elbow. 
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Outcomee Measures 
AA total of nine outcome measures was used. These were hierarchically ranked in advance. Both 

objectivee and subjective patient-oriented outcome measures as well as non patient-oriented 

outcomee measures were used.3-4 A comparable set of outcome measures will be used in future 

triall  on tennis elbow complaints. Continuity of assessors is a recommendable approach, limiting 

potentiall  bias. We realise, however, that this is often difficult to achieve. 

Patientss were referred to the outpatient clinic of the Department of Orthopaedic Surgery of the 

Academicc Medical Center in Amsterdam by both general practitioners and primary care physical 

therapists.. Patients were included based on a set of in- and exclusion criteria applied by a 

researchh physician. 

Recruitment t 
Wee were able to recruit the required 180 patients within 16 months. A strategy to maintain 

infloww of patients was the continuous newsletter, which was sent to all participating practices 

approximatelyy every 6 weeks. In this newsletter, facts about the study were combined with 

thingss worth knowing. The response from the participating practices was very positive and this 

mightt have acted as a continuous stimulating factor to send in patients to our referral centre. 

However,, the inflow of patients from physical therapists and general practitioners fluctuated 

overr time. In response to a decreasing inflow, different measures were taken, for instance 

telephonee calls and visits to practices. The last strategy worked very well, whilst the contact 

betweenn referring practice and the referral centre became closer and more personal. Another 

methodd to keep contact with the practices was by sending a comprehensive feedback letter after 

aa patient's visit describing findings and conclusions. Furthermore, one researcher was 

continuouslyy available for additional information on inclusion or to answer any questions that 

camee up in the practices during the study. By means of a pager, he was constantly present 

duringg working hours. Thus, by both passive and active feedback, the enthusiasm of the referring 

practicess was tried to be optimised. The inclusion of patients was, however, not completed 

withinn the planned schedule, which was one year. This schedule was based on estimations of 

practicess on how many patients they thought to be able to refer. The one year schedule even 

wass a careful estimation. Point is, that the longer the trial lasts, the more the enthusiasm is 

reduced.. It is therefore advisable, to complete inclusion of requested patients as quickly as 

possible.. In our trial, after 4 months, only 41 % of the practices had send in one or more patients, 

meaningg 59% of the practices had send in none. The number of practices was limited to 80, 

becausee otherwise we thought we could not handle the patients inflow and would thus create a 

waitingg list. This was never the case. In a new trial, we would therefore create a larger group of 

referringg practices. 
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Thee referral procedure worked very well. Referring therapists or GPs contacted the researcher 

andd he made an appointment. This was always realised within 1 week, so the patients did not 

havee to wait long. 

Protocoll  Violations 
AA total of seventeen patients violated the treatment protocol and were excluded for the per-

protocoll  analysis. Main reason was the number of treatment sessions being less than seven or 

moree than 11. Despite the fact that in our trial the per-protocol did not provide different results 

thann our main analysis it is recommended that in a future trial, it should be more clear for 

physicall  therapists that the number of treatment sessions is very important and non-adherence 

iss a main protocol violation. In retrospect we realise that some physical therapists were not 

enoughh aware of the necessity of restricting the treatment to the standardised protocol as much 

ass possible. A future trial should deal with this difficulty and perhaps uncertainty. 

Lossess to Follow-up 

Nott many patients were lost to follow-up. Follow-up percentages were 98% at six weeks, 96% 

att 26 weeks and 94% at 52 weeks. All possible efforts were made to try to persuade patients to 

returnn to follow-up. Some patients, however, did not provide their correct telephone number 

andd did not respond to letters. This is difficult to prevent in the future, because all patients were 

preparedd to return at the moment of randomisation. Preventive measures were proper information 

onn the trial, the sending of the newsletter, reimbursement of travel expenses which were made, 

andd providing a telephone number for questions or complaints. 

Potentiall Biases 
Selectionn Bias 

Selectionn bias occurs when the outcomes of a trial are affected by systematic differences in the 

wayy in which individuals are accepted or rejected for a trial, or in the way in which the interventions 

aree assigned to individuals once they have been accepted into a trial.5 There is empirical evidence 

thatt effects of new interventions can be exaggerated if randomisation is not concealed at the time 

off  obtaining consent from trial participants, by as much as 40% on average.6 7 In our trial, this was 

preventedd by using a strict list of in- and exclusion criteria and a randomisation computer program 

usingg minimisation strategy. Neither participants, nor investigators could influence group allocation. 

Inn addition, patients were excluded if they had received any intervention for their current episode 

off  tennis elbow complaints. These measures thus guaranteed concealment of allocation and true 

randomisationn and reduction of selection bias. 
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Ascertainmentt  Bias 
Ascertainmentt bias occurs when the results or conclusions of a trial are systematically distorted 

byy knowledge of which intervention each participant is receiving.5 This was prevented by blinding 

off  the outcome assessor.7 We instructed the patients not to speak about the treatment they 

wouldd or had received to the outcome assessor. A slight unforeseen problem occurred during 

summertime,, when in some patients it was visible that they had been wearing a brace due to 

tanningg of the surrounding skin. Luckily, the sun did not shine that much in the summer of 

1999!!  The blinded assessor was asked to guess the allocation of the 176 patients at six weeks 

follow-up,, and was correct for 73 (41%) patients (k=0.12) and was never certain of his guess. 

Thus,, assessor blinding seemed adequate in the ELO trial. However, participants and administers 

off  the intervention (physical therapists), were clearly aware of the allocated treatment. Blinding 

forr these persons could therefore not be implemented, and some ascertainment bias may have 

beenn introduced. In the analysis, this type of bias was tried to be reduced by describing the 

completee analyses, including all time-points, types of outcome measures and strategy of statistical 

testingg in the trial protocol. However, the analyst was aware of the type of treatment during the 

analysis,, and this might also have introduced a form of bias. 

Biass by inappropriat e handling of withdrawals, drop-outs and protocol violations 
Ideally,, all participants would have completed the study, followed the protocol, and provided 

alll  necessary data. However, that is Utopia, and adequate handling of missing data should be 

applied.. Using an intention-to-treat analysis and Last-Measurement-Carried-Forward principle, 

thiss type of distortion can be dealt with, guaranteeing no overestimation of the treatment effects. 

Results s 
Onn the different outcome measures representing different dimensions of the ailment (pain, disability, 

satisfaction,, costs) conflicting results were found. We found a beneficial effect of physical therapy 

onn pain, disability and satisfaction, however, only on the short-term. In contrast, brace-only 

treatmentt showed to prevent inconvenience during daily activities. No other outcomes showed 

statisticallyy significant differences. The hypothesised working mechanism of the brace is that it 

reducess the forces on the common extensor tendon and will therefore decrease the patient's pain 

duringg activities in which the extensor muscles contract. This was supported by the outcome 

measuree "inconvenience during daily activities". The brace-only group showed superior on this 

outcomee measure when compared to physical therapy. The combination group showed a similar 

trend,, but the difference was not statistically significant. This outcome shows a potential major 

advantagee for use of the brace, with implications for daily practice and patient education. 
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Onn success-rate, no significant differences were seen. On short-term follow-up, success 

percentagess in the physical therapy group, the brace-only group and the combination group 

weree 50%, 40% and 45% respectively. Over the intermediate-term these percentages were 70%, 

72%% and 75% and over the long-term 89% 85% and 88%. Thus no significant differences in 

globall  improvement as assessed by the patients were identified. 

Combinationn treatment showed no superior effectiveness when compared to physical therapy 

treatmentt only. It did, however, show superior on various outcomes when compared to brace-

onlyy treatment over the short-term. Thence, physical therapy seems to have additional beneficial 

effectss compared to brace-only treatment. However, the question remains whether this surplus 

inn effectiveness outweighs the extra costs of the physical therapy. The number needed to treat 

wass 9 (95% CI 3 to 15). This was a statistical significant difference, though to our opinion not 

clinicallyy relevant in regard of our pre-trial assumptions in which a difference of 25% was 

regardedd clinically significant. 

Onn effectiveness of physical therapy for tennis elbow, Labelle et al. concluded very limited 

evidencee was present to draw definitive conclusions on effectiveness of physical therapy 

strategiess for tennis elbow complaints.8 Recently, a new systematic review was undertaken 

whichh had similar conclusions.9 

Overr intermediate-term and long-term it showed to be indifferent which approach a patient 

receivedd since no differences were present at those time-points. Also, no statistically significant 

differencess were present between groups on additional treatment. This may partially be caused 

byy the quite favourable natural course of tennis elbow. 

Thence,, for selected purpose, knowing support of daily activities, brace treatment might be useful 

ass initial therapy, since it is a relatively cheap intervention that helps awaiting the natural course. 

Thiss therapeutic implication is supported by the results of the extensor grip test. Results show 

thatt by using the extensor grip test one is able to discriminate between patients expecting to 

havee a successful outcome and patients expected to have a non-successful outcome after brace-

onlyy treatment. On success-rate, decrease in pain for the patient's most important complaint 

andd satisfaction over the short-term, patients with a positive test show statistically significant 

superiorr results. This test is thus capable of implicating direction of treatment. The success-

ratess on short-term in the test-positive brace-only group (47%) are comparable with results on 

effectivenesss of physical therapy (50%) and the combination therapy (44%). Thence, in case of 

aa positive test, a brace could be started as initial treatment strategy for the patient with sub-

acutee and chronic tennis elbow complaints. For patients with a negative test, application of a 
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bracee as single initial treatment is not indicated, since it will result in a success-rate at six 

weekss in a success-rate of only 23% of the patients, which is significantly lower when compared 

too success rates in the physical therapy and combination groups. 

Thence,, brace-only treatment is indicated for patients with a positive extensor grip test. The 

testt can be easily applied in general practice. When the test is positive, patients will directly 

feell  that the brace aids in limiting the pain they experience. The patients, and also the general 

practitioner,, will feel comfortable with the brace as initial treatment and will help awaiting the 

naturall  course of tennis elbow complaints. It is therefore recommendable that general practitioners 

applyy the test in daily practice. The predictive value of the extensor grip test thus seems confirmed. 

Thiss in contrast to the diagnostic and predictive value of ultrasound. The identified ultrasound 

entitiess showed to be of no value for predicting effectiveness of braces, physical therapy or the 

combinationn for treating tennis elbow. However, the study was of limited size and the different 

subgroupss might have been too small to identify differences. The fact that the final evaluation 

wass based on printed images and not real-time screen images is an important limitation of our 

study.. Since ultrasound is a dynamic diagnostic tool, real-time evaluation may have lead to a 

differentt interpretation of the ultrasound findings. In addition, the ultrasound equipment used 

mayy have been limited its diagnostic abilities. Using more advanced ultrasound equipment 

withh a higher resolution and better contrast, abnormal findings might be found in a higher 

numberr of patients, allowing more reliable conclusions concerning prognostic and diagnostic 

valuee of ultrasound in tennis elbow.10 The scanning was performed by 5 different persons. This 

mayy also have introduced some variation in the results and should ideally be prevented in a 

futuree study. The total number of patients, however, was too small to perform inter-performer 

analyses.. A new study therefore might be useful and should incorporate this advanced equipment 

andd real-time evaluation of the imaging by one imager. 

Sincee the outcomes of our ELO-trial revealed no clear advantage for any of the interventions, 

thee costs of the interventions can be a decisive factor in choosing the optimal treatment approach. 

Physicall  therapy treatment showed considerably lower costs compared to brace-only treatment, 

nearr statistical significance. As a previous cost-effectiveness study showed that compared with 

ann expectantly awaiting policy, physical therapy as an initial treatment of tennis elbow is not 

cost-effective,, there seems no place for physical therapy (our most cost-effective approach), 

brace-onlyy or combination treatment either, in patients with tennis elbow in primary care.11 We 

feel,, however, that brace-only treatment for patients with a positive extensor grip test may be an 

option.. Due to the limited number of patients in this subgroup, no definitive conclusions on 

thiss subject can be drawn yet. 
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Whilstt natural course is relatively mild, a treatment strategy that significantly reduces duration 

off  an episode would be more than welcome. From recent literature it is clear that none of the 

currentt available, most frequently used, strategies are able to accomplish this. On short-term, 

corticosteroidd injections do reduce complaints, but a recurrence of complaints is seen in 

approximatelyy 50% of the patients.12 Thence, it is alluring to treat the complaint with an expectant 

policyy or, to diminish the patient's limitations, application of a brace. 

Ann alternative strategy might be manipulation of the wrist. This treatment strategy has not yet 

beenn described as a treatment strategy for tennis elbow complaints. Personal experience with 

thiss strategy persuaded us to compare results of this treatment with more commonly applied 

treatmentt strategies. The results of our small-sized randomised clinical trial, comparing this 

strategyy with a physical therapy regimen, are promising. On 6 weeks, in the manipulation 

groupp an 85% success-rate was found, compared to 67% in the physical therapy group. The 

successs rates for physical therapy in this study were higher compared to the success rates in the 

ELOO trial (67% compared to 50%). This might be due to differences in baseline characteristics 

betweenn both trial or a higher provider-enthusiasm. On the other hand, the small size and 

resultingg low power of the trial might enhance differences due to chance. 

Onn 6 months follow-up, success-rate was 100% in the manipulation group. The manipulation 

treatmentt is directed at the wrist as location of the problem, in contrast to current treatment, 

aimingg at the lateral epicondyle of the humerus. The promising results of the small-sized trial 

needd replication in a large-scale randomised clinical trial, which is sufficiently powered. This 

trainn of thought might be the start a new era in the treatment of tennis elbow. 

Recommendations s 
Regardingg the question of optimal treatment for tennis elbow complaints, it seems that neither 

physicall  therapy nor brace-only treatment nor the combination of both is superior as initial 

treatmentt for tennis elbow patients in primary care. Brace is superior for limitations in daily 

activities,, physical therapy for pain, disability and patient satisfaction, all over the short-term. 

Combinationn treatment has no advantage over physical therapy only. 

Basedd on the comparison with a study with a similar design 12, it seems that an expectantly 

awaitingg policy should be considered as initial approach in this population. Within this 

expectantlyy approach, a brace might, however, be successfully applied in patients with a positive 

extensorr grip test. Since this is a test which can easily be applied in general practice, it is 

recommendablee for general practitioners to do so. 

Itt is definitely recommended to replicate the results from the manipulation treatment in a large-

scalee RCT. For future trialists it is advisable to follow CONSORT guidelines when submitting 

aa RCT to a journal.13 This in order to ensure adequate reporting of trials, helping physicians and 

policy-makerss in interpreting clinical data. 
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Summar y y 
Laterall  epicondylitis, or tennis elbow, is a complaint often seen in general practice. Classically, 

thee patient will present with pain at the lateral side of the elbow, aggravating with contraction of 

thee extensor muscles of the wrist. Its incidence in general practice of 4-7 per 1000 patients per 

yearr makes the complaint a substantial problem. In approximately 10% of all patients, the complaint 

wil ll  lead to sick-leave for a mean period of 11 weeks. The natural course of the injury is relatively 

mild,, but will last, if untreated, for an average of six months to two years. Several treatment 

strategiess have been described. A problem for the treating physician is that no optimal therapeutic 

strategyy has been identified yet. One of the underlying problems is the lack of sufficient randomised 

clinicall  trials evaluating the effectiveness of the different therapeutic methods. 

Thee main aim of this thesis is to evaluate the effectiveness of a brace, a physical therapy regimen 

andd a combination of both for patients with tennis elbow complaints, to be able to give direction 

too the discussion on the optimal treatment strategy for a tennis elbow. 

Chapterr II comprises a review on currently available literature on effectiveness of orthotic 

devices,, supportive aids, among which braces, for treatment of tennis elbow. The literature was 

systematicallyy searched in five electronic databases, reference lists of retrieved articles and 

contactss with experts on tennis elbow. All randomised clinical trials (RCT) describing individuals 

withh diagnosed lateral epicondylitis and comparing the use of an orthotic device as a treatment 

strategyy were evaluated for inclusion. Two reviewers independently assessed the validity of the 

includedd trials and extracted data on relevant outcome measures. Dichotomous outcomes were 

expressedd as Relative Risks (RRs) and continuous outcomes as Standardised Mean Differences 

(SMD),, both with corresponding 95% confidence intervals (95% CI). Five small-size RCTs (N 

perr group 7-49) were included. Validity score ranged from 3-9 positive items out of 11. Subgroup 

analysess were not performed due to the small number of trials. The limited number of included 

trialss present few outcome measures and limited long-term results. Pooling was not possible 

duee to large heterogeneity amongst trials. No definitive conclusions can be drawn concerning 

effectivenesss of orthotic devices for lateral epicondylitis. More well-designed and well-conducted 

RCTss of sufficient power are warranted. 

Inn chapter III the Epicondylitis Lateralis Onderzoek (ELO trial or Lateral Epicondylitis Study 

inn English) was described. The ELO-trial is a randomised clinical trial in effectiveness of braces, 

physicall  therapy and the combination of both for treatment of tennis elbow complaints is 

compared.. Outcomes were compared at 6, 26 and 52 weeks after randomisation. Outcome 

measuress used were success rate; severity of complaints; pain during the patients main complaint; 

functionall  limitations (assessed on a pain free function questionnaire); pain free grip strength 
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andd maximal grip strength; pressure pain; limitation during daily activities; satisfaction. Both an 

intention-to-treatt as well as a per-protocol analysis were used to analyse the data. On short term 

(sixx weeks), superior results favouring physical therapy when compared to brace-only treatment 

onn pain, functional limitations and satisfaction. Brace-only was superior on limitations during 

dailyy activities. Conflicting results , but explainable from the supposed working-mechanism. 

Combinationn treatment showed superior to brace-only treatment on severity of complaints, 

functionall  limitations and satisfaction. Combination was superior to physical therapy on pressure 

painn only. On intermediate-term and long-term, no differences between strategies were identified. 

Concluding,, conflicting results were retrieved. For limitations during daily activities, brace-

onlyy treatment might be useful: it is relatively cheap and it is useful to await the natural course. 

Thiss potentially favourable results for brace-only treatment on functional status should, however, 

bee replicated in other well-designed trials, to exclude the favourable outcome on inconvenience 

duringg daily activities being based on chance. 

Chapterr IV describes and interesting, pre-planned, subgroup-analysis. The so-called extensor 

gripp test was studied for a possible predictive value of a good result of thee brace-only treatment. 

Duringg the test, the action of the brace is imitated while the patient dorsiflexes the wrist against 

resistance.. It was noted whether the second test was less painful (positive test) or not (negative 

test).. The test was performed after inclusion and before the randomisation procedure. The 

resultss of this subgroup analysis support the hypothesis behind the test: patients with a positive 

testt showed statistically superior results when compared to patients with a negative test on 

success-ratee decrease in pain and patient satisfaction. 

Whilstt ultrasound is a non-invasive and relatively cheap diagnostic strategy, it might be useful to 

supportt a certain choice of therapy. In Chapter V, the prognostic value of ultrasound for the 

effectivenesss of brace-only, physical therapy or the combination of both for treating tennis elbow, 

wass studied. The results of this study show no significant differences in effectiveness when looked 

att subgroups based on entities identified by ultrasound. Therefore, the pathologic findings on 

ultrasoundd examination seem to have no predictive value for patients with tennis elbow. 

Chapterr VI comprises the cost-effectiveness analysis of the ELO-trial. Using standardised 

questionnairess both direct and indirect costs were assembled related to the tennis elbow 

complaintss of all patients. Whilst the clinical results did not differ between studied strategies, 

aa cost-minimisation analysis was performed. Physical therapy was the least costly strategy, 

althoughh not significantly. Between physical therapy and combination treatment, no differences 

weree identified. 



103 3 Summary y 

Anotherr vision on the aetiology of tennis elbow was studied in Chapter VII . Manipulation of 

thee wrist was studied as a treatment strategy for tennis elbow and compared to the physical 

therapyy protocol as applied in the ELO-trial. The hypothesis is that a displacement of a motion 

segmentt in the carpal bones is the underlying cause of tennis elbow complaints. Treatment 

usingg manipulation of the wrist is aimed at restoration of this displacement. In a randomised 

clinicall  pilot-study, 30 patients were included. The methodology of this study was conform the 

ELOO trial. The results of the study show that manipulation of the wrist was superior to physical 

therapyy on 3 weeks follow-up for success-rate and decrease in pain during the patients main 

complaints.. All other outcomes showed a comparable trend, but did not differ statistically 

significant. . 

AA post-hoc power-analysis revealed that the pilot-study had a power of 0.68. Therefore, results 

shouldd be interpreted with great prudence. The promising results of this trial need replication in 

aa large-scale randomised clinical trial. The trial should be sufficiently powered and should 

comparee manipulation of the wrist to the most commonly used and potentially effective 

conservativee treatment strategies for tennis elbow. 

Chapterr VII I is a general discussion based on the previously mentioned chapters. On the clinical 

outcomee measures, there seems no preferable therapy. Physical therapy is then the least costly 

strategy,, although differences were not statistically significant. Brace-only treatment might be 

usefull  in patients with a positive extensor grip test. Further research on effectiveness of 

manipulationn of the wrist is warranted. 





C h a p t e r r 

Samenvatting g 

X X 





107 7 Samenvatting g 

Samenvattin g g 
Epicondylitiss lateralis humeri, ook wel 'tenniselleboog ' is een klacht die vaak wordt gezien in 

dee huisartsenpraktijk. De klassieke patiënt presenteert zich met pijn aan de laterale zijde van de 

elleboog,, verergerend tijdens aanspannen van de extensoren van de onderarm. Met een incidentie 

inn diezelfde huisartsenpraktijk van 4-7 per 1000 patiënten per jaar is het omvangrijke klacht. 

Dee klacht leidt bovendien in ongeveer 10% van de patiënten tot ziekteverzuim, van gemiddeld 

111 weken. De aandoening heeft over het algemeen een mild beloop, maar duurt onbehandeld 

gemiddeldd 6 maanden tot 2 jaar. Er zijn vele behandelopties beschreven. Een probleem voor de 

behandelendd arts is dat uit het brede scala van behandelopties geen optimale behandeling is te 

identificeren.. Een van de oorzaken hiervoor is het gebrek aan adequaat evaluatieonderzoek. 

Hett belangrijkste doel van dit proefschrift was om de effectiviteit van een brace, een 

fysiotherapeutischh regime en een combinatie van de beide genoemde behandel strategieën te 

vergelijken,, om op die manier richting te geven aan de discussie rondom de optimale 

behandelwijzee van een 'tenniselleboog'. 

Hoofdstukk II omvat een overzicht van de huidige aanwezige literatuur betreffende de effectiviteit 

vann orthoses, ondersteunende hulpmiddelen waaronder braces, in de behandeling van 

tenniselleboogklachten.. De literatuur werd systematisch nagezocht in 5 elektronische databases, 

referentielijstenn van gevonden artikelen en middels contact met experts op het gebied van 

'tenniselleboog'.. Alle gevonden gerandomiseerde klinische trials werden door twee reviewers 

onafhankelijkk beoordeeld op validiteit. Uitkomsten uit de gevonden trials werden geëxtraheerd 

enn uitgedrukt als relatieve risico's (Relative Risks (RRs)) in het geval van dichotome 

uitkomstmatenn of Standardised Mean Differences (SMD), in het geval van continue 

uitkomstmaten.. Er werden vijf trials geïncludeerd, alle met slechts kleine patiëntenpopulaties. 

Dee validiteit varieerde van 3 tot 9 positieve items op een lijst met 11 validiteititems. 

Sensitiviteitsanalysess en het statistisch samenvoegen ('pooling') van de resultaten was niet 

mogelijkk door het beperkte aantal trials en de heterogeniteit. Er kunnen geen definitieve 

conclusiess worden getrokken over de effectiviteit van orthoses voor tenniselleboogklachten. 

Meerr goed opgezette trials van voldoende omvang ("power") zijn hiervoor gewenst. 

Inn hoofdstuk III wordt het Epicondylitis Lateralis Onderzoek (acroniem: de ELO-trial) 

beschreven.. Het betreft een gerandomiseerde klinische trial waarin een brace, een 

gestandaardiseerdd fysiotherapeutisch regime en een combinatie van beide worden vergeleken 

opp effectiviteit voor de behandeling van patiënten met tenniselleboogklachten. De uitkomsten 

werdenn vergeleken op 6, 26 en 52 weken na randomisatie. Deze uitkomstmaten waren 

succespercentage;; ernst van de klachten volgens de arts; pijn tijdens de belangrijkste 
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klachtengevendee activiteit van de patiënt; functionele beperking (op een "pijnvrije functie" 

vragenlijst);; pijnvrije knijpkracht en maximale knijpkracht; drukpijn op de laterale epicondylus; 

beperkingg tijdens dagelijkse activiteiten; tevredenheid. Zowel een "intention-to-treat" als een 

"per-protocol""  analyse werd gebruikt om de data te analyseren. Op korte termijn (6 weken) 

werdenn voor fysiotherapie ten opzichte van alleen-brace positieve resultaten gevonden op de 

uitkomstmatenn pijn, functionele beperking en tevredenheid. Alleen-brace behandeling bleek 

echterr betere resultaten te geven op de uitkomst beperking tijdens dagelijkse activiteiten". 

Tegenstrijdige,, maar vanuit het veronderstelde werkingsmechanisme te verklaren, resultaten 

aldus.. Combinatiebehandeling bleek beter dan alleen-brace op de uitkomstmaten ernst van de 

klachten,, functionele beperking en tevredenheid. Combinatie was superieur aan fysiotherapie 

voorr drukpijn. Op middellange- en lange termijn werden geen verschillen gevonden. 

Concluderendd werden tegenstrijdige resultaten gevonden. Voor ondersteuning tijdens dagelijkse 

activiteitenn lijk t een brace een zinvolle therapie: het is relatief goedkoop en is nuttig om het 

natuurlijkk beloop te helpen afwachten. Dit potentieel gunstige resultaat voor braces zal, alvorens 

duidelijkee aanbevelingen kunnen worden gegeven, eerst moeten worden herhaald in andere trials. 

Hoofdstukk IV beschrijft een interessante vooraf geplande subgroepanalyse. De zogenoemde 

extensorr knijptest werd onderzocht op mogelijke voorspellende waarde van een goed resultaat 

vann de alleen-brace behandeling. Tijdens de test wordt de werking van de brace nagebootst 

terwijll  de patiënt tegen weerstand een dorsaalflexie beweging uitvoert. Vervolgens wordt 

beoordeeldd of de patiënt duidelijk minder pijn heeft (positieve test) of niet (negatieve test). De 

resultatenn van de subgroepanalyse ondersteunen de hypothese achter deze test: patiënten bij 

wiee de test positief was bleken significant betere resultaten te hebben van de bracebehandeling 

dann patiënten met een negatieve test voor de uitkomstmaten succespercentage, afname in pijn 

vann de belangrijkste klacht van de patiënt en tevredenheid. 

Omdatt echografie een relatief goedkoop en weinig belastend manier van diagnostiek is, zou dit 

wellichtt een zinvolle manier zijn om een therapiekeuze te ondersteunen. In hoofdstuk V wordt 

dee prognostische waarde van echografie onderzocht op het effect van brace, fysiotherapie en de 

combinatiee van beide bij patiënten met een tenniselleboog. De resultaten van de studie lieten 

geenn verschillen in effectiviteit zien wanneer werd gekeken naar verschillende subgroepen 

gebaseerdd op entiteiten als gevonden bij echografie. Pathologische bevindingen tijdens echografie 

bijj  patiënten met tenniselleboogklachten lijken aldus voorspellende waarde te hebben wat betreft 

dee effectiviteit van braces, fysiotherapie of de combinatie van beide. 

Hoofdstukk VI betreft de kosteneffectiviteitanalyse behorende bij de ELO-studie. Middels 

vragenlijstenn werden zowel de directe als indirecte kosten verzameld van alle deelnemende 
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patiënten.. Aangezien de klinische resultaten niet echt doorslaggevend waren ten aanzien van 

eenn optimale behandeling van tenniselleboogklachten, is mogelijk het kostenaspect wel de 

doorslaggevendee factor. De kostenanalyse liet geen significante verschillen tussen de drie 

behandelgroepenn zien, maar wel een duidelijke trend waarbij fysiotherapie met name vanwege 

dee lagere indirecte kosten een goedkopere behandelmethode lijk t dan alleen-brace behandeling. 

Verschillenn waren echter niet statistisch significant. 

Eenn andere visie op de etiologie van de klacht tenniselleboog wordt bestudeerd in Hoofdstuk 

VILL Een behandeling waarbij een manipulatie van de pols wordt toegepast als behandelstrategie 

werdd vergeleken met de fysiotherapie behandeling conform de ELO-studie. De hypothese is 

datt een blokkade ('displacement') van een bewegingssegment in de middenhandsbeentjes de 

onderliggendee oorzaak is van tenniselleboogklachten. Behandeling door manipulatie van de 

polss is gericht op herstel van deze blokkade. In een verkennende klinisch gerandomiseerde 

studiee werden 30 patiënten gerandomiseerd over twee behandeltakken: manipulatie en 'standaard' 

fysiotherapie.. De methodologie van deze studie was analoog aan de ELO-studie. De resultaten 

vann de studie laten zien dat manipulatie op korte termijn statistisch significant superieur is aan 

dee fysiotherapie behandeling voor succespercentage en afname van de pijn tijdens de 

belangrijkstee klachtenproducerende activiteit van de patiënt. Alle andere uitkomstmaten laten 

eenn vergelijkbare trend zien, echter geen statistisch significante verschillen. Echter, uit een 

post-hocc verrichte power analyse bleek de studie een power te hebben van 0.68. Om die reden 

moetenn de resultaten met grote voorzichtigheid worden geïnterpreteerd. De veelbelovende 

resultatenn van deze kleine trial zullen aldus moeten worden herhaald in een grotere trial, waarbij 

dee manipulatie wordt vergeleken met de meest gebruikt en potentieel effectieve 

behandelstrategieënn voor tenniselleboogklachten. 

Hoofdstukk VII I is een algehele discussie naar aanleiding van alle eerder genoemde hoofdstukken. 

Watt betreft de klinische uitkomstmaten lijk t er geen voorkeur te bestaan voor een behandeling. 

Watt betreft kosten lijk t fysiotherapie de meest aantrekkelijke behandeling. De verschillen waren 

bijj  de kosteneffectiviteitstudie echter niet statistisch significant. Alleen-brace behandeling is 

mogelijkk zinvol bij patiënten met een positieve extensor-knijptest. 

Verderr onderzoek naar manipulatie van de pols is gewenst. 
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Dankwoor d d 
Professorr van Dijk, toen ik voor het eerst met u kennismaakte als begeleider van mijn 

wetenschappelijkee stage werd mijn enthousiasme voor de Orthopaedie onmiddellijk gewekt. 

Mij nn stage had ik volbracht bij de afdeling Sportgeneeskunde in Utrecht, maar de keuze voor 

dee Orthopaedie was snel gemaakt. Na een korte tijd met wetenschappelijk onderzoek voor u 

bezigg te zijn geweest, kwam voor mij de keuze om dan wel te starten met mijn co-schappen, 

dann wel te starten met een concreet, omvangrijk stuk onderzoek: een proefschrift. Het werd het 

laatste,, iets wat ik altijd al ambieerde. Als eerste AIO bij de afdeling Orthopaedie was het in 

velee opzichten pionierswerk, maar hard werken loont. Gedurende het schrijven van dit 

proefschriftt zijn uw kennis, inzicht en enthousiasme van zeer grote waarde geweest. Bij deze 

dankk ik u voor een niet-aflatende steun en toewijding bij de totstandkoming van dit proefschrift. 

Dr.. Assendelft, Pim, op je vele locaties ben je voor mij een enorme steun in de rug geweest. Na 

onzee eerste kennismaking in het EMGO instituut kwam je bij de afdeling Huisartsgeneeskunde 

enn de Dutch Cochrane Collaboration in het AMC werken. De eerste schreden in het 

wetenschappelijkk onderzoek waren zonder je organisatorische, methodologische en sociale 

capaciteitenn geen zekere schreden geweest. Zeker in de beginfase liep ik tegen veel zaken op 

waarr je met een korte, duidelijke uiteenzetting vrijwel altijd met een concrete oplossing kwam. 

Jee was iemand waarop ik altijd kon terugvallen indien nodig, maar je liet me ook voldoende 

vrij .. Op momenten dat ik noodzakelijk scherp moest zijn en dit niet was, wist je me te prikkelen 

enn deze noodzakelijke scherpte te bewerkstelligen. 

Pim,, dank voor je onvoorwaardelijke inspiratie, en support op de momenten dat me dit zeer 

welkomm was. 

Professorr Marti, ook al heb ik nog maar weinig het genoegen gehad met u samen te werken, een 

belangrijkee bron van inspiratie bent u zeker geweest. Uw charisma, kennis en omgang zijn voor 

mijj  een voorbeeld en toonbeeld binnen de Orthopaedische Chirurgie 

Dr.. Blankevoort, Leendert, sinds je komst bij de ORCA zijn de omstandigheden voor 

onderzoekerss duidelijk meer georganiseerd dan daarvoor, waarvoor dank. Voor dit proefschrift 

hebbenn we slechts bij één hoofdstuk het genoegen gehad samen te werken, maar dit zal in de 

toekomstt waarschijnlijk niet bij deze ene studie blijven. 

Gino,, al vanaf het prille begin van de "kweekvijver" is onze samenwerking op wetenschappelijk 

gebiedd optimaal geweest. Reeds vele studies, nacontroles, systematische reviews zijn inmiddels 

succesvoll  afgerond en er zullen er nog vele volgen. De ELO-poli was altijd bijzonder aangenaam 
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enn ook ji j bent inmiddels begaan met het "knijpen" van de elleboogjes. Naast de gezelligheid 

opp de poli en zeker in de kweekvijver, zijn ook de vele kroegtechnische uitstapjes buiten het 

AMCC altijd erg ontspannen geweest en zullen dit ook in de toekomst blijven. Letterlijk en 

figuurlijkk hoogtepunt was waarschijnlijk de Jungfrau Marathon, alwaar nog een belangrijk 

kweekvijverlidd bij betrokken was: 

Rover,, ook met jou heb ik vele uren in de inmiddels befaamde kweekvijver doorgebracht en 

mett veel plezier. Ook de contact-uren buiten de vijver waren aangenaam, op een enkel bezoek 

aann het Oude gasthuis na wellicht. Gino, Rover, ik ben bang dat we er niet aan ontkomen om 

nogg een Jungfrau-tje te pakken op korte termijn. 

Pieter-Jan,, de befaamde Haagse studie wist ji j met veel gedrevenheid tot een goed einde te 

brengenn en hebt me daarmee geweldig geholpen. Voor jou heeft dit ook geleid tot een 

gerespecteerdee plaats in de kweekvijver en de totstandkoming van een promotie project. Hopelijk 

zall  dit ook leiden tot een samenwerking in de toekomst en wellicht nog wat vaartochten met 

zowell  de ORCA als je eigen boot. 

Bestee ouders, pa en ma, ook al was het misschien niet altijd duidelijk waar ik nu precies mee 

bezigg was, waarom ik de studie ineens onderbrak voor een periode onderzoek, julli e hebben 

altijdd vertrouwen in mijn keuze gehad. Jullie interesse in mijn beslommeringen bij de Orthopaedie 

enn steun in alle opzichten zijn, wellicht zonder dat julli e het weten, een belangrijke factor 

geweestt in totstandkoming van dit proefschrift. Het komt allemaal wel goed met me. 

Gerwinn en Lenka, mijn broer en zus, het is altijd goed om weer terug te komen in West-Friesland. 

Wee hebben het best leuk als familie en ook al zijn we allemaal een compleet ander pad ingeslagen, 

interessee is er in alle opzichten. Nog bedankt voor de hulp bij het vouwen van de vele brieven. 

Ger,, omdat ik je erg waardeer en respecteer draag ik dit proefschrift op aan Ingrid. 

Lievee Susanne, Suus, als laatste maar zeker niet de minste. Je onuitputtelijke vrolijkheid en 

geduldd zijn inmiddels onmisbaar voor me geworden. In drukke stressvolle periodes was ik 

misschienn niet altijd de makkelijkste, maar je goede gemutstheid deed en doet wonderen. Je 

hebtt me bijgestaan met onvoorwaardelijke interesse, geduld, flexibiliteit en liefde. Hierom en 

omm nog heel veel andere dingen, draag ik dit proefschrift aan jou op. 

Dee mensen die ik niet bij name heb genoemd maar wel direct dan wel indirect betrokken waren 

bijj  de totstandkoming van dit proefschrift ben ik zeer erkentelijk. 



Curriculumm vitae 





117 7 Curriculumm vitae 

Curriculu mm vita e 
Thee author of this thesis, Petrus Aloysius Adrianus Struijs, was born on April 9th, 1976 in 
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Collegee in Grootebroek in 1993, he started with the study of medicine at the University of 

Amsterdamm in the same year. In 1997 he started doing scientific research at the Orthopaedic 

departmentt at the Academic Medical Center in Amsterdam. For one of these research projects 

hee received the Han Eikelaar award in 2000. His MSc in medicine was achieved in 1998, after 
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coveredd in this thesis. 
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Surgery. . 
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