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Interobserver Reproducibility of the Assessment of 
Severity of Complaints, Grip Strength, and Pressure 
Pain Threshold in Patients With Lateral Epicondylitis 
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ANNEKE J. MOURITS, MSC, WALTER L. DEVILLE´, MD, ANDREA F. DE WINTER, PHD, LEX M. 
BOUTER, PHD 

Objective: To evaluate the interobserver reproducibility of the assessment of severity of 
complaints, grip strength, and pressure pain threshold in patients with lateral epicondylitis 
in primary care. 
Design: Two physiotherapists assessed independently, and in randomized order, the 
severity of complaints scored on an 11-point numeric rating scale, pain-free grip strength, 
maximum grip strength, and pressure pain threshold. 
Setting: Primary care center in the Netherlands. 
Participants: Fifty patients were assessed by both physiotherapists. 
Interventions: Not applicable. 
Main Outcome Measures: Intraclass correlation coefficients (ICCs) and 95% confidence 
intervals (CIs) were calculated to assess interobserver reliability. The Bland and Altman 
method was used to assess interobserver agreement, which included calculation of the 
mean difference between the observers (d), the 95% CI for d, the standard deviation of the 
differences, and the 95% limits of agreement. Finally, the smallest detectable difference 
(SDD) was calculated. 
Results: The ICC for the severity of complaints was .90. The ICCs for the pain-free grip 
strength and maximum grip strength were .97 and .98, respectively. The pressure pain 
threshold showed a lower reliability (ICC_.77). The interobserver agreement for all 
outcome measures was good, but systematic differences in assessment between the 
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physiotherapists were found for the maximum grip strength and pressure pain threshold. 
For pressure pain threshold, the SDD was clearly larger than the predefined acceptable 
difference of 10% of the total range of measurement. 
Conclusions: The interobserver reliability of severity of complaints and grip strength was 
excellent, whereas the pressure pain threshold showed unsatisfactory reliability. Grip 
strength and overall assessment of the severity of complaints are useful and reliable 
measures for the assessment of lateral epicondylitis. Pain-free grip strength, in particular, 
is relatively easy to perform and has been shown to be associated with other measures of 
functional disability in patients with lateral epicondylitis. We, therefore, recommend the 
use of pain-free grip strength in both research and clinical practice. 

 
Lateral epicondylitis is characterized by pain at the lateral side of the elbow, which is increased by 

pressure on the lateral epicondyle and during resisted dorsiflexion of the wrist.1 Pain provoked by 
palpation or by specific manual tests at the lateral epicondyle are the most important diagnostic 
findings. In clinical practice, these tests are also used to describe patient status or to evaluate treatment 
efficacy. 

A recent systematic review2 including 23 randomized clinical trials (RCTs) on the effectiveness of 
physiotherapy for lateral epicondylitis showed that most RCTs included grip strength (19/23) and pain 
(15/23) to evaluate the efficacy of treatment. However, specification of grip strength in terms of pain-
free grip strength or maximum grip strength was not properly reported in 10 of 19 RCTs. Only 9 RCTs 
described their measurement protocol, and the large majority of studies did not address the reliability 
of the methods used. Pain was, in most studies, assessed according to a visual analog scale or a Likert 
scale. Only 1 study3 measured the pressure pain threshold. 

Many RCTs on musculoskeletal disorders included assessment of the severity of complaints when 
evaluating the efficacy of treatment. However, none of these has investigated the interobserver 
reproducibility of this assessment.4,5 Although the literature contains several reports on the 
reproducibility of grip strength in healthy subjects, the reproducibility of grip strength in patients with 
lateral epicondylitis has received little attention. Stratford et al6 investigated the intraobserver 
reliability of grip strength in 35 patients with tennis elbow and reported high intraobserver reliability 
coefficients for pain-free grip strength (.97) and maximum grip strength (.98). However, information 
on the interobserver reliability of grip strength is still lacking. In their study, Stratford6 used the 
Smedley hand dynamometer, although the Jamar hand dynamometer is more frequently used by hand 
therapy clinics. 

Several authors7-13 have recommended the use of the pressure pain threshold meter in clinical practice 
and research. Interobserver reliability of pressure pain threshold measurements has been reported as 
satisfactory in healthy subjects14-16 and in patients with myofascial trigger points.17 However, some 
studies14,18 showed that reaction time of the observer and variation in the rate of pressure increase may 
affect the reliability. There is, as yet, no information about the reproducibility of measurements of 
pressure pain threshold in patients with lateral epicondylitis. 

Good reproducibility is a prerequisite for a valid measurement. In addition, during long-term follow-
up or prolonged treatment of patients, different examiners will often assess the same patient. 
Therefore, interobserver reproducibility should be known and acceptable. Given the importance of 
clinical outcomes such as grip strength and pressure pain threshold in clinical practice and research 
and the scarcity of information on reproducibility of these measures, we decided to determine the 
interobserver reproducibility of the severity of complaints, grip strength, and the pressure pain 
threshold in patients with lateral epicondylitis. The study was performed within the framework of an 
RCT on the effectiveness of primary care interventions for patients with lateral epicondylitis.19
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METHODS 

Patients 
The participants of the reproducibility study were recruited from the study population of an RCT, 

comparing the effectiveness of corticosteroid injections, physiotherapy, and a waitand- see policy for 
lateral epicondylitis.19 Patients were eligible for participation in the RCT if they had pain at the lateral 
side of the elbow, which increased with pressure on the lateral epicondyl and during resisted 
dorsiflexion of the wrist. Other inclusion criteria were elbow complaints ≥6 weeks, age between 18 
and 70 years, ability to complete questionnaires (sufficient knowledge of the Dutch language), and 
informed consent. Exclusion criteria were treatment with physiotherapy or injection(s) during the 
preceding 6 months; bilateral symptoms; presence of signs and symptoms suggesting some other cause 
of lateral elbow pain (eg, neck problems); congenital or acquired deformities of the elbow; surgery of 
the elbow; dislocation, tendon ruptures, or fractures in the elbow area in the preceding 12 months; 
systemic disorders of the musculoskeletal system; neurologic disorders; and contraindications for 
corticosteroid injections. A total of 185 patients were enrolled in the RCT between September 1997 
and October 1998. 

During follow-up (3, 6, 12, 26, or 52wk after randomization), a random sample of 50 patients were 
invited to participate in the reproducibility study. To ensure inclusion of patients with a wide range of 
the severity of symptoms, patients were eligible for participation at any time of follow-up. Additional 
selection criteria for the reproducibility study were informed consent, no bilateral elbow complaints, 
no surgery of the elbow, and no cast. 

Measurements 
Between July 1998 and January 1999, 2 research physiotherapists (SK, AJM, see Acknowledgments) 

independently, and in random order, evaluated each of the 50 patients. The research physiotherapists 
were registered as physiotherapists with the Royal Dutch College of Physiotherapists and had several 
years of experience in clinical practice and research. The measurement protocol was discussed and the 
physiotherapists were trained thoroughly before the start of patient selection. A standardized history 
was taken by one of the research physiotherapists, in the presence of the other. Subsequently, both 
research physiotherapists independently performed a physical examination of the elbow and wrist of 
each patient consisting of inspection of the elbow, active and passive examination, and resisted 
movements. The severity of complaints was subsequently scored on an 11-point scale (0=no 
complaints, 10=very severe complaints). 

Pain-free grip strength and maximum grip strength was measured with the Jamar hand 
dynamometer,a while the patient was standing with the elbow in complete extension and the shoulder 
and radioulnar joints in neutral rotation. Pain-free grip strength of the involved arm was measured 
first. Patients were instructed to squeeze the dynamometer slowly until they began to feel discomfort. 
Both physiotherapist and patient were unable to read the dial of the dynamometer during testing. The 
pain-free grip strength was measured 3 times, with a 20-second rest interval between each 
measurement. The mean value (in kg) of 3 efforts was calculated and included in the analysis. Pain-
free grip strength was always assessed before maximum grip strength. Following a similar procedure, 
3 maximum grip strength measurements were performed for the uninvolved arm followed by 
measurements for the involved arm. The intraobserver reliability of the 3 measurements was excellent 
for both pain-free and maximum grip strength (intraclass correlation coefficient [ICC] range, .95–.97). 
Verbal instructions were given to each subject: “Are you ready? Squeeze as hard as you can . . . harder 
. . . harder . . . relax!” The Jamar hand dynamometer was calibrated according to a standard procedure 
by using standardized test weights. Less than 4% error has been reported.20  

Pressure pain threshold on the lateral epicondyle was measured with an algometerb while the patient 
was sitting with the arm in 30° of abduction; the elbow in 90° of flexion; and with the forearm, wrist, 
and hand supported. The research physiotherapist lightly palpated the involved common extensor 
tendon to identify the most sensitive area. Subsequently, beginning with the uninvolved side, the head 
of the algometer (hard rubber tip, surface area 1cm2) was applied perpendicular to the common 
extensor tendon at the lateral epicondyle until patients indicated the moment at which the sensation of 
pressure changed to pain. The pressure pain threshold was measured 3 times on both sides, with a 20-
second rest interval between each measurement. The intraobserver reliability of these 3 measurements 
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was excellent (ICC range, .91–.96). For the analysis, the mean value (in kg/cm2) of the 3 efforts was 
calculated. The maximum applied pressure was 6kg/cm2.21  

The first physiotherapist left the room after taking all measurements, and the same procedure was 
repeated by the second physiotherapist. To prevent sequence effects between the physiotherapists, the 
sequence of evaluation by the physiotherapists was randomized and stratified according to the timing 
of the evaluation (≤6wk or >6wk after the start of the RCT). The physiotherapists independently 
recorded the results of their assessment (history taking, physical examination, overall assessment of 
severity, grip strength, pressure pain threshold) on standardized forms. Their findings were not 
discussed until completion of the study in all 50 patients. In the framework of the randomized trial, the 
physiotherapists were also blinded regarding the allocated treatment of patients because this 
information might have influenced their assessment. 

Analysis of Reproducibility 
For the quantification of interobserver reproducibility, 2 types of analysis were applied: the Bland 

and Altman method for assessing agreement22 and the ICC23 for the evaluation of reliability. 
The Bland and Altman method provides insight into the distribution of differences between 

observers.24 It presents the size, direction, and range of differences between observers in the same units 
as the original scale. Interobserver agreement (Bland and Altman) was quantified by calculating the 
mean difference (d) between the 2 observers and the standard deviation (SD) for this difference. The 
closer d is to zero and the smaller the SD of this difference, the better the interobserver agreement. 
Differences between the 2 observers were plotted against the mean of the measurements made by the 2 
observers. This graph shows the size, direction, and range of the differences and shows whether 
differences between observers are consistent across the range of measurements. The 95% limits of 
agreement were defined as the mean difference between the observers ±1.96 SD of the differences, 
indicating the total error (bias and random error together). The presence of bias between the observers 
is estimated by calculating the 95% confidence interval (CI) for d. The 95% CI for d was calculated as 
d±tn-1SE(d), where n is the number of subjects and SE the standard error of the mean equal to SD/√n. 
If zero lies outside the 95% CI, systematic differences (bias) between the observers exist.22  

When trying to determine whether a real change in outcome has occurred in clinical practice and 
research, a change must be at least the smallest detectable difference (SDD) of a measurement 
procedure. The SDD was calculated as 1.96·√2·SEM2 where the standard error of measurement was 
SD·√ (1-r) and r the reliability coefficient.25 Although no clear criteria for an acceptable value of 
interobserver agreement are available for these specific outcome measures, we defined, a priori, that a 
difference in measurements between the observers (d) of 10% of the total range of measurements 
would be acceptable. The decision regarding this cutoff point is more or less arbitrary. The reader may 
apply his/her own cutoff point in the interpretation of our findings. 

ICCs provide information on the ability of 2 observers to differentiate between subjects (reliability).26 

The ICC was defined as the ratio of variance among patients (subject variability) over the total 
variance (subject variability, observer variability, random error variability), which ranges between 0 
(no reliability) and 1 (perfect reliability). An ICC of less than .75 was considered unsatisfactory.27,28 

Two-way random effect models were used to calculate ICCs according to Fleiss.29 

RESULTS 

Patients 
The 50 participants of the reproducibility study were enrolled between July 1998 and January 1999. 

The mean age ± SD of the 50 patients was 47±11 years, and 40% of the patients were women (table 
1). In 35 cases (70%), the dominant arm was involved. Nine (18%) of the 50 participants indicated 
much improvement of their elbow complaints, but most patients still reported symptoms. Fifteen 
(30%) patients reported moderate or severe pain scores (pain during the day: numeric rating scale 
[NRS] score, ≥3). 

[ TABLE 1 ] 
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Agreement 

Table 2 summarizes the results of interobserver agreement on the severity of complaints, pain-free 
grip strength, maximum grip strength, and pressure pain threshold on the lateral epicondyl. The results 
of the assessments made by the 2 observers were quite similar for all measurements. Pain intensity did 
not appear to influence the degree of interobserver agreement (data not shown). However, the mean 
level of pain was low (2.2±2.7) according to most patients. 

[ TABLE 2 ] 
 
Figure 1 shows the differences between observers, plotted against the mean score of both observers 

for pain-free grip strength, and the maximum grip strength of the involved arm. There was a wide 
variation in grip strength between patients. Although the limits of agreement were wider for the pain-
free grip strength than for the maximum grip strength, systematic differences were found for the latter 
(d[95% CI], -.81 [-1.37 to -.25]). The maximum grip strength for the involved arm reported by 
observer B was higher than reported by observer A in approximately 72% of the patients. 

[ FIGURE 1 ] 
 
The interobserver differences against the mean score of both observers for pressure pain threshold are 

presented in figure 2. Observer B recorded higher scores than observer A for approximately 74% of 
the patients. As the mean pressure pain threshold increased, observer B reported higher scores more 
frequently than observer A. The interobserver differences also increased with increasing mean scores 
for the involved arm. Bias was found for the pressure pain threshold of the involved arm (d[95% CI], -
.66 [-.96 to -.36]). 

[ FIGURE 2 ] 
 
For grip strength, the SDD was clearly lower than the predefined acceptable difference of 10% of the 

total range of measurement. For the severity of complaints, the SDD was equal to the predefined 
acceptable difference of 10% (0.7 point vs 10% of 7=0.7). The SDD for the pressure pain threshold 
was much greater than the predefined acceptable difference (1.3 vs 10% of 5=0.5). 

Reliability 
The results of the analysis of variance (ANOVA) are presented in table 3. The systematic differences 

between the observers for maximum grip strength and the pressure pain threshold of the uninvolved 
arm were confirmed in the ANOVA by low P values for observer variance. The ICC values ranged 
from .72 to .98. The reliability of the pressure pain threshold was relatively poor and unsatisfactory for 
the uninvolved arm (ICC<.75). Almost perfect reliability was found for the pain-free grip strength and 
maximum grip strength (ICCs≥.97). 

[ TABLE 3 ] 
 

DISCUSSION 
This study investigated the interobserver reproducibility of severity of complaints, grip strength, and 

pressure pain threshold in 50 patients with lateral epicondylitis. The results showed excellent 
reliability for the severity of complaints, pain-free grip strength, and maximum grip strength 
(ICC≥.90). The pressure pain threshold was clearly less reliable (ICC range, .72–.77). Systematic 
differences (bias) between the physiotherapists were found for the assessment of maximum grip 
strength and pressure pain threshold of the involved arm. This bias could be partly caused by 
differences in the verbal encouragement given by the physiotherapists during the measurement of 
maximum grip strength. The systematic differences in the assessment of pressure pain threshold may 
also be explained by variation in the instructions given to the patient, placement of the algometer on 
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the lateral epicondyl, rate of pressure increase, and reaction time of the physiotherapists when patients 
indicated that application of pressure should be stopped. 

Standardized positioning of patients for grip strength measurements, according to the American 
Society of Hand Therapists8 (ASHT) indicates that “the patient should be seated with his shoulder 
adducted and neutrally rotated, elbow flexed at 90° and the forearm and wrist in neutral position.” 
Measuring grip strength with extended elbow, as we did, may reflect a more sensitive outcome for 
patients with lateral epicondylitis,30,31 although it limits comparability with the recommended 
standardized positioning method for grip strength. Furthermore, ASHT recommended that “the second 
handle position of the dynamometer should be used when evaluating grip strength” and “the mean of 
three successive trials should be used as the outcome measure of grip strength.”8 In our study, the 
handle position of the Jamar dynamometer was adjusted to the hand size of the patient and 
standardized for each measurement. 

Earlier studies32,33 showed excellent interobserver reliability of grip strength measurements with the 
Jamar dynamometer in healthy subjects and patients with cumulative trauma disorders (ICC range, 
.93–.98). Our study confirms these findings in patients with lateral epicondylitis and showed that the 
mean difference between observers was only 0.8kg for maximum grip strength and pain-free grip 
strength of the involved arm. 

To determine the effectiveness of an intervention, knowledge of factors contributing to the variation 
in observed measurement scores is necessary. When trying to detect a real change between 2 
observations with statistical significance, this change must be at least the SDD of the measurement 
procedure. The SDD for grip strength fell within the predefined criteria for interobserver agreement 
(<10% of the total range). For the general assessment of severity, the SDD was just equal to this 
criterion (0.7 points equals 10% of 7). The SDD for the pressure pain threshold was clearly higher 
than 10% (1.3>10% of 5), indicating that a true difference between measurements may be difficult to 
detect when using different observers. This finding, again, confirms the relatively unfavorable 
clinimetric performances of pressure pain threshold in patients with lateral epicondylitis. 

We limited our study to the evaluation of the reproducibility of outcome measures for lateral 
epicondylitis. The validity of these measures is difficult to evaluate and has been less often subjected 
to further investigation. Because of a lack of gold standards in this area, no data on criterion validity 
are available. Yet, a few studies provide useful information about the construct validity of pressure 
pain threshold and grip strength in lateral epicondylitis. The pressure pain threshold has been reported 
to be significantly lower in patients with lateral epicondylitis compared with healthy controls34 or 
compared with the unaffected elbow.35 However, Pienimäki et al34 could not find an association with 
pain drawings or with scores on a pain and disability questionnaire, which seems to question the 
validity of pressure pain threshold in lateral epicondylitis. Data about the construct validity of grip 
strength in lateral epicondylitis are also scarce, but previous studies have shown that pain-free grip 
strength is associated with working disability36 and functional disability (as measured by the pain-free 
function questionnaire and by a visual analog scale).37 These associations were weaker for maximum 
grip strength. These findings seem plausible. Patients will try to avoid pain during daily activities and 
may rarely challenge their maximum grip strength. Functional ability may therefore mainly be 
determined by their pain-free capabilities. Furthermore, changes of pain-free grip strength over time 
were associated with changes of functional disability and with general perceived improvement. In 
contrast, changes in maximum grip strength were not associated with improvement of symptoms.30,31 

These results and their clinical implications favor the use of pain-free grip strength in lateral 
epicondylitis. 

The research physiotherapists in our study remained unaware of each other’s findings in all 50 
patients. Therefore, we feel that blinding was successful and that our results on interobserver 
reproducibility were not biased by knowledge about the findings of the other observer. Our research 
physiotherapists were well trained, had considerable expertise in assessing patients with lateral 
epicondylitis, and had discussed the assessment protocol thoroughly before the start of patient entry. 
Consequently, not all results of our reproducibility study can be directly generalized to everyday 
clinical care. However, the procedure for the assessment of grip strength can be described very 
specifically, and the assessment can be performed without much training. Therefore, we are quite 
confident about the external validity of our findings on grip strength. This may not hold true for the 
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overall assessment of severity. Our study showed that reproducibility was very good but not as high as 
that of grip strength, even with our trained observers. In usual care, the variation among examiners 
may be much larger for this outcome measure because it strongly depends on a subjective 
interpretation of symptoms and signs in patients with epicondylitis. These subjective interpretations of 
severity, however, are an important aspect of the assessment of patients in clinical practice, implying 
that the measure itself is clinically relevant. Readers should take potential interobserver variation into 
account when evaluating the severity of elbow problems and when discussing their findings with other 
physicians or therapists. Pain-free grip strength may be better suited to quantify the severity of lateral 
epicondylitis when precise findings are needed for research or clinical practice. 

CONCLUSION 
Interobserver reproducibility for all outcome measures, except for pressure pain threshold, showed 

excellent results. An overall assessment of severity of symptoms by a trained physiotherapist showed 
good agreement and reliability and is a relevant measure in day-to-day clinical care. Some 
interobserver variation should be taken into account, particularly when examiners have different 
backgrounds and training. Pain-free grip strength showed high reliability and agreement, is relatively 
easy to perform, and has been shown to be associated with other measures of functional disability in 
patients with lateral epicondylitis. We can therefore recommend the use of pain-free grip strength in 
both research and clinical practice. 

Acknowledgments: We thank Samyra Keus for performing the assessments. 
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