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Abstract 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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Introduction 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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Methods 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 



Chapterr VI 66 6 

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. 



67 7 Cost-effectivenesss of brace, physical therapy or both 

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. 

Results 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. 

Discussion 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. 



711 Cost-effectiveness of brace, physical therapy or both 

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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