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                                             ABSTRACT 
  Objective   To evaluate whether defi cits of elbow fl exor 

and extensor muscle strength exist in lateral  epicondylalgia 

(LE) in comparison with a healthy control population.  

  Design   Cross-sectional study.  

  Participants   150 participants with unilateral LE were 

compared with 54 healthy control participants.  

  Main outcome measures   Maximal isometric elbow 

fl exion and extension strength were measured bilaterally 

using a purpose-built standing frame such that gripping 

was avoided.  

  Results   The authors found signifi cant side differences 

in elbow extensor (−6.54 N, 95% CI −11.43 to −1.65, 

p=0.008, standardised mean difference (SMD) −0.45) 

and fl exor muscle strength (−11.26 N, 95% CI −19.59 

to −2.94, p=0.009, SMD −0.46) between LE and 

 control groups. Within the LE group, only elbow extensor 

muscle strength defi cits between sides was signifi cant 

 (affected–unaffected: −2.94 N, 95% CI −5.44 to −0.44).  

  Conclusion   Small signifi cant defi cits of elbow  extensor 

and fl exor muscle strength exist in the affected arm 

of unilateral LE in comparison with healthy controls. 

Notably, comparing elbow strength between the 

affected and unaffected sides in unilateral epicondylalgia 

is likely to underestimate these defi cits.      

Trial Registration Australian New Zealand Clinical 

Trials Register ACTRN12609000051246.

  INTRODUCTION 
 Lateral epicondylalgia (LE) is one of the most 
common elbow problems in athletes, with 14.1% 
of tennis players reporting current LE and 39.7% 
reporting current or previous problems.  1   Patients 
with LE exhibit an impaired ability to perform 
tasks that require gripping, with reduced grip 
force and weakness of wrist fl exion and exten-
sion.  2     3   In addition, defi cits of shoulder abduc-
tion, and internal and external rotation strength 
have also been reported.  2   Surprisingly, strength 
of the elbow fl exors and extensors has not been 
previously evaluated in this condition, despite its 
proximity to the source of pain and important 
biomechanical function in sporting activities. 
Indeed, it has been estimated that the elbow con-
tributes 21% of the total kinetic energy during a 
tennis service motion.  4   

 Comparison of strength of the affected extrem-
ity with the unaffected arm is a common clinical 
practice but may not be valid when there might 
otherwise be a difference between arms (eg, habit-
uation to predominantly unilateral activity as in 
tennis). Greater dominant elbow muscle strength 
has been observed in healthy participants,  5     6   in the 
wrist and forearm  2     7   and shoulder.  2   As LE usually 

affects the dominant arm, strength defi cits were 
compared between sides and with controls. 

 Our primary aim was to evaluate maximal 
elbow fl exion and extension strength in par-
ticipants with unilateral LE. A secondary aim 
was to investigate the relationship of various 
patient characteristics with elbow strength in the 
affected arm.  

  METHODS 
  Study population 
 One hundred and sixty-fi ve participants with LE 
meeting the following criteria were recruited to 
this study: unilateral elbow pain over the lateral 
epicondyle for longer than 6 weeks and aggra-
vated by a combination of palpation, gripping and 
resisted wrist and/or fi nger extension.  8   Participants 
were excluded if they had other primary sources 
of elbow pain such as cervicogenic, radiohumeral 
or neurological, or experienced recent fractures, 
corticosteroid injection or physiotherapy treat-
ment. Fifty-four age- and gender-matched healthy 
participants with no history of LE were recruited. 
All participants were excluded if they experienced 
concomitant neck or other arm pain that pre-
vented participation in their usual work or recre-
ational activities or necessitated treatment within 
the past 6 months. All participants were recruited 
from the general community through media 
advertisements. Ethical approval was granted by 
the institutional review board and informed writ-
ten consent was obtained from all participants.  

  Elbow strength 
 Isometric elbow extension and fl exion strength 
were measured in standing with the elbow posi-
tioned at 90° fl exion and the forearm in neutral 
rotation.  5   Isometric force was measured at the 
level of the ulna styloid process in Newton using 
a digital dynamometer (Chatillon; Amtek Lloyd 
Instruments, Leicester, UK ) attached to a pur-
pose-built apparatus. Following a submaximal 
effort to familiarise with testing, three maximal 
voluntary isometric contractions were performed, 
with the maximum recording used in the analysis. 
The starting test (elbow fl exion or extension) was 
alternated for consecutively recruited study par-
ticipants and commenced on the unaffected arm 
(LE) or left arm (controls) and alternating sides 
with 30-s intervals. Participants were issued stan-
dard verbal encouragement to gradually build up 
strength and sustain force until a plateau in peak 
force was reached. Participants were instructed to 
keep their wrist and fi ngers relaxed during test-
ing and avoid trunk or scapular movement. The 
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investigator observed for any extraneous movement and pro-
vided verbal cuing, if correction was needed. Pain intensity 
was recorded before and during testing on a 100 mm visual 
analogue scale (VAS) and testing ceased if pain levels greater 
than 50 mm were reported. 

 To evaluate the test–retest reliability of maximal elbow 
extension and fl exion strength, 10 healthy participants 
(20 elbows) were tested on two occasions with a 1-week inter-
val by the same assessor. Intraclass correlation coeffi cients 
(ICCs) and standard error of the measures (SEMs) were calcu-
lated. The ICC 3,1  for both extension and fl exion were 0.991, 
and SEMs were 0.75 and 1.13 for elbow extension and fl exion, 
respectively, indicating substantial reliability.  9   Using the SEM, 
an estimation of the minimum difference in each measure that 
must be exceeded to demonstrate true change, as opposed to 
random measurement fl uctuation, was also calculated.  10   For 
elbow extension and fl exion, we can be 95% confi dent that 
differences greater than 2.09 and 3.14 N, respectively, represent 
true change. The reliability (ICC>0.97) and validity of pain-
free grip (PFG) strength have been previously confi rmed.  11    –    13    

  Pain-free grip 
 PFG strength was measured bilaterally in supine lying with 
the elbow positioned in a relaxed extended and pronated posi-
tion using a digital grip dynamometer (MIE Medical Research, 
Leeds, UK ).  14   A variable handle position (25–40 mm) was 
adjusted such that the maximum distance between a partici-
pant’s thumb and fi ngertips when grasping the device was not 
more than 2 cm. Participants were instructed to grip smoothly 
and to stop squeezing the dynamometer when their pain was 
fi rst provoked. Three repetitions were performed, commenc-
ing on the unaffected side, with 30-s intervals. The mean of 
the repetitions was used in the analysis.  12     15    

  Other participant characteristics 
 The following demographic characteristics were collected from 
all participants: gender, age, body mass index (BMI), employ-
ment type (manual or non-manual/unemployed) and hand 
dominance. LE participants were interviewed regarding injury 
characteristics including injury cause, symptom duration and 
previous history of LE. Pain intensity (resting pain and worst 
pain over the preceding week) was measured using 100 mm VAS. 
The patient-rated tennis elbow evaluation (PRTEE) was used as a 
validated measure of pain and functional disability.  16     17   Possible 
total scores ranged from 0 (no pain or functional disability) to 
100 (worst imaginable pain and very signifi cant functional dis-
ability), with pain and function subscales contributing equally.  

  Data management and analysis 
 As hand dominance infl uences strength in healthy 
controls,  7     18     19   the proportion of dominant affected elbows in 
the LE group was replicated in the control group. To achieve 
this, the control group was randomly allocated a matched 
affected arm, based on the proportion of dominant, affected 
arms in the LE group.  20   Sensitivity analysis of the random allo-
cation of matched upper limbs was performed in order to ascer-
tain any bias due to the matching procedure. From hereon, the 
matched sides of the control group will also be referred to as 
affected and unaffected sides. 

 Analysis of covariance (ANCOVA) was performed using 
SPSS 19 (IBM, New York, USA) for each strength measure 
using side (affected vs unaffected) as a within-subject factor 
and group (LE vs controls) as a between-subject factor. Age, 

gender and BMI were included as covariates, because of their 
known effect on strength or signifi cant differences between 
groups. Interaction plots were inspected in order to under-
stand interaction effects. Follow-up analysis of group effects 
was performed using univariate ANCOVA with age, gender 
and BMI as covariates and the differences between sides (cal-
culated by subtracting the unaffected from the affected side) 
as the dependent variable. α was set at 0.05. Data are presented 
as means and SD, mean differences (MD) or standardised 
mean differences (SMD) and their 95% CIs. SMD scores 
were interpreted as small 0.2–0.5, medium 0.5–0.8 and large 
>0.8.  21   Spearman rank coeffi cients (S rho ) were used to evalu-
ate relationships between strength measures and injury char-
acteristics in the LE group. Demographic characteristics were 
compared between groups using independent t tests.   

  RESULTS 
 Characteristics of the study participants ( table 1 ) were compa-
rable between groups and with previous studies of LE.  14     22     23   
Only BMI differed signifi cantly between groups, the LE group 
being more obese. The LE group comprised middle-aged males 
and females, predominantly right-handed individuals, with the 
condition predominantly affecting their dominant arm. They 
reported a mean 6-month duration of symptoms with 23.3% 
reporting previous LE. Most commonly, the onset was reported 
as insidious (26.7%), or related to sport (25.3%), unusual activi-
ties (24%) and work (20%). The mean resting and worst pain 
levels (VAS) were 9.5 and 60.6 mm, respectively. Thirty-four 
per cent were engaged in sports involving gripping of a club or 
racquet while 24% were employed in manual occupations.  

  Elbow strength 
 Fifteen LE participants were unable to complete elbow 
strength testing due to pain levels before or during testing. 
These participants reported signifi cantly greater resting pain 
(VAS) (MD −14.7 mm, 95% CI −27.8 to −1.6, p=0.03), greater 
total pain and disability (PRTEE) (MD −17.7, 95% CI −24.7 to 
−10.6, p=0.000) and weaker PFG in their affected arm (MD 
27.4 N, 95% CI 1.2 to 53.5, p=0.04) than the LE participants 
who completed testing. 

 The results of ANCOVA analyses demonstrated signifi cant 
side by group interaction effects for both maximal elbow 

  Table 1     Mean ± SD or count (%) descriptive data for lateral 
epicondylalgia (n=150) and control groups (n=54)  
  Lateral epicondylalgia  Controls 

Demographic characteristics
 Age (years) 49.7 ± 8.2 50.1 ± 10.1
 Females (%) 56 (37.3%) 20 (37.0%)
 Right arm dominant (%) 131 (87.3%) 48 (88.9%)
 Body mass index (kg 2 /m) 26.8 ± 4.9* 25.6 ± 3.6
 Manual occupation (%) 36 (24.0%) 10 (18.5%)
 Sport involving gripping (%) 51 (34.0%) 13 (24.1%)
 Postmenopausal (% females) 21 (38.2%) 12 (60.0%)
Injury-related characteristics
 Dominant arm affected (%) 109 (72.7%)  
 Symptom duration (weeks) 25.6 ± 31.0  
 Pain at rest VAS (mm) 9.5 ± 11.2  
 Pain at worst VAS (mm) 60.6 ± 18.2  
 PRTEE (/100) 37.9 ± 12.8  

   *p <0.05. 
 PRTEE, patient-rated tennis elbow evaluation; VAS, visual analogue scale.   
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extensor (p=0.008) and fl exor (p=0.009) muscle strength. 
Interaction plots ( fi gure 1 ) revealed that elbow strength of the 
affected arm of LE was weaker than that of the matched arm 
of controls, while the unaffected arm was comparable with 
controls. Group by side data are presented in  table 2 . Follow-up 
testing of the interaction effects identifi ed signifi cant differ-
ences between LE and controls for their between-side differ-
ences (elbow extension (−6.54 N, 95% CI −11.43 to −1.65, 
p=0.008); fl exion (−11.26 N, 95% CI −19.59 to −2.94, p=0.009)). 
These differences exceeded the minimum differences required 
to be 95% confi dent of a true change (2.09 N for extension and 
3.14 N for fl exion). These values represent small-sized effects 
(SMD: extension −0.45; fl exion −0.46).  21     

  Pain-free grip 
 ANCOVA analysis of PFG demonstrated a signifi cant inter-
action between group and side (p=0.000), with interaction 
plots highlighting the large defi cit in the affected side of LE 
( fi gure 2 ).  Table 2  presents group by side data. Follow-up test-
ing of the differences between sides confi rmed the observa-
tion from the interaction plot, with the magnitude of the 
difference between LE and control groups (MD: −230.94 N, 
95% CI −254.2 to −207.8) representing a very large SMD of 
−3.15.   

  Sensitivity analysis 
 All analyses were repeated using independently randomised 
allocations of matched arms to the control group. This did not 
change study results.  

  Pain and disability 
 The mean level of elbow pain (VAS) experienced by LE par-
ticipants during testing of elbow fl exion and extension was 
8.1 and 7.6 mm, respectively. No correlation was found 
between pain levels experienced during testing and maximal 
elbow strength. Pain intensity (VAS) over the preceding week 
and injury duration did not correlate signifi cantly with any 
strength measures. There was a weak correlation for PRTEE 
(pain and disability) ratings with PFG (S rho:  −0.356, p=0.000), 
elbow fl exion (S rho:  −0.217, p=0.008) and extension (S rho:  
−0.224, p=0.006).   

  DISCUSSION 
  Evidence of elbow fl exor and extensor strength defi cits 
 Our study is the fi rst to document that people with LE exhibit 
signifi cant defi cits of elbow fl exor and extensor muscle 
strength in comparison with healthy controls. These fi nd-
ings are consistent with those from other studies of wrist, 
forearm,  2     3   and shoulder  2   muscle strength in LE participants. 
However, the defi cit that we found at the elbow is modest 
(ie, 6.54 N for elbow extension and 11.26 N for elbow fl exion) 
and appear less at the elbow than at the shoulder or wrist. 
A previous study of 32 LE and healthy control participants 
reported average defi cits of 25–35% for grip strength, wrist 
and shoulder strength.  2   

 Notably in our study, the dominant arm was affected in 
the majority (72.7%) of LE participants, such that compari-
son between sides was found to underestimate elbow exten-
sor defi cits and fail to detect elbow fl exor defi cits due to a loss 

 Figure 1    Group (lateral epicondylalgia (LE), control (C)) by side 
(affected, unaffected) interaction plot for maximal elbow fl exion and 
extension strength. Data are adjusted for age, gender and body mass 
index.    

 Figure 2    Group (lateral epicondylalgia (LE), control (C)) by side 
(affected, unaffected) interaction plot for grip strength. Data are 
adjusted for age, gender and body mass index.    

  Table 2     Mean, SD and 95% CIs for strength measures, mean side differences and mean difference (MD) 
between lateral epicondylalgia (LE) and control (C) groups for side differences (signifi cance represented by †)   

  

 Affected  Unaffected  Side difference*  LE versus C: Side difference* 

 Mean ± SD  Mean (95% CI)  MD (95% CI)  SMD 

Extension LE 183 ± 30.6 185.9 ± 31.8 −2.94 (−5.44 to −0.44)† −6.54 (−11.43 to −1.65)† −0.42
C 189.5 ± 30.9 185.9 ± 32.3 3.6 (−0.59 to 7.78)

Flexion LE 243.7 ± 39.2 246.7 ± 40.4 −2.99 (−7.24 to 1.27) −11.26 (−19.59 to −2.94)† −0.42
C 253.9 ± 39.7 245.7 ± 40.4 8.29 (1.15 to 15.40)†

PFG LE 87.1 ± 60.0 307.1 ± 58.8 −220 (−231.86 to −208.15) −230.98 (−254.15 to −207.80)† −3.12
 C 338.6 ± 61.0 327.6 ± 58.8 10.97 (−8.86 to 30.80)   

   *Differences between sides were calculated by subtracting the unaffected from the affected arm. The control group matched 
arms are referred to as affected and unaffected. Data were calculated with the following covariates: age 49.8 years, female 
0.37 and body mass index 26.5. 
 PFG, pain-free grip; SMD, standardised mean difference.   
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of dominance bias in the affected arm. Other authors have 
similarly described a loss of normal dominance-related differ-
ences in the LE population.  2     7   The implications of our fi nd-
ings are that when clinically assessing an individuals’ elbow 
strength, comparison between sides is likely to underestimate 
or miss true defi cits. Failure to return increased dominant arm 
strength levels to an athlete following injury may represent 
incomplete rehabilitation. Based on evidence of weakness at 
multiple upper limb segments, we recommend strengthening 
the whole upper limb in rehabilitation of LE, in conjunction 
with exercises to improve grip capacity.  

  Mechanisms underlying elbow weakness 
 It is interesting to speculate on the mechanisms underlying 
these fi ndings. Decreased maximal knee extension strength 
following experimentally induced extensor muscle pain has 
been found to be attributed to central mechanisms.  24   In our 
study, pain scores during elbow strength testing were low 
and not correlated with elbow strength measures, suggesting 
that pain inhibition is less likely to be the cause of observed 
weakness. Fear of movement (re)injury and pain may also 
limit performance during maximal muscle testing. Patients 
with more pain may consciously or unconsciously anticipate 
an increase in pain and protect themselves by performing sub-
maximally. Study of patients with low back pain found those 
who reported increased psychological distress and a higher 
level of current pain showed increased inhibition of muscle 
activity, leading to submaximal performance.  25   Disuse or 
physical deconditioning may be either a cause or a result of 
LE, regardless of which might provide a perpetuating factor 
for chronicity. Altered use of the affected arm as a result of 
elbow pain could account for disuse-related changes found 
throughout the whole upper limb. 

 We found elbow and grip strength to be negatively correlated 
with the PRTEE scale, that is, greater weakness was evident 
in LE participants with greater pain and disability. However, 
the size of these associations were weak, indicating that little 
of the variation in a patient’s pain and disability scores could 
be explained by elbow and grip strength. This may refl ect the 
complexity of ways in which motor function interacts with 
and refl ects pain and disability. Based on previous fi ndings 
of moderate correlations between PFG and pain and function 
scores (VAS),  15   it appears that PFG remains the recommended 
measure for establishing the severity of LE and being sensitive 
to changes in the condition.  

  Additional considerations 
 Several aspects of this study ought to be considered when 
interpreting the fi ndings. As this study represents a large 
cross- sectional study, no information on a causal relation-
ship between strength impairment and LE can be made. 
Further research is needed to determine the relevance of 
elbow strength defi cits in terms of recovery and return to full 
sporting function and the effect of exercise interventions or 
mechanotherapy on upper limb muscle strength and tendon 
healing.  26   We evaluated a clinically relevant method of testing 
maximum voluntary muscle strength at the elbow. It is impor-
tant to understand that this likely assesses only one aspect of 
motor function and further study is required in order to fully 
understand the motor defi cits in LE. Future research may wish 
to control for whether a muscle is indeed fully contracting 
during the test by superimposition of an electrical stimulus, a 
technique known as twitch interpolation.  27     

  CONCLUSION 
 Defi cits of maximal isometric elbow fl exor and extensor muscle 
strength exist in unilateral LE compared with healthy controls. A 
comparison between sides in patients with LE is likely to under-
estimate these defi cits due to normal dominance-related differ-
ences between sides. An evaluation of the elbow in conjunction 
with testing of the forearm and wrist may be used for perfor-
mance enhancement, injury prevention and rehabilitation.      
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