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Research context 

The master thesis is part of the course unit “Wetenschappelijke stage/masterproef deel 2” of the 

second master year of the study program “Rehabilitation sciences and physiotherapy” at 

University Hasselt. It will examine the competence of the student to execute proper scientific 

research. This thesis, with title: “Corticosteroid injections for the treatment of distal biceps 

tendinopathies: a case series”, is situated in the musculoskeletal rehabilitation.  

Medical Doctor C. Dierckx, associated with Jessa Hospital and University Hasselt, started this 

study because he is investigating the effect of corticosteroid injections on patients with a distal 

biceps tendinopathy. These injections should serve as an alternative conservative treatment 

option compared to a “golden standard” surgical procedure. There is only limited evidence 

concerning corticosteroid injections in distal biceps tendinopathy, so this study aims to evaluate 

a 1 year follow-up of patients who received an injection. More specifically, a range of motion and 

isokinetic concentric force measurement were performed before the injection. Also the 

“Disability of Arm Shoulder and Hand questionnaire” was taken. The patients will be measured 

again after one year but only data of the pre-measurement were included in this thesis. The 

measurements were done at the research centre at Diepenbeek (REVAL), associated with 

University Hasselt. This thesis is a continuation of two previous master theses. The first study, 

started by Medical Doctor Dierckx, was a thesis of two medicine students who did measurements 

on eight patients who received an injection between 2011 and 2014. No baseline measurement 

was performed. And the second thesis, performed by student Ine Coenegrachts, compared these 

patients whit a control group recruited in 2015. Ine Coenegrachts concluded that there existed a 

strength deficit after a corticosteroid injection in comparison to the control group and further 

research was necessary. So, the aim of this study is to follow patients from prior to the 

corticosteroid injection to one year after the injection and evaluate the rehabilitation of the distal 

biceps tendinopathy.  

The central format was used taking into account the guidelines of “The Journal of Shoulder and 

Elbow Surgery”. A research protocol, described by Medical Doctor Dierickx, was used. Patients 

were recruited by Medical Doctor Dierickx but data acquisition was done by doctor Van Noten in 
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association with the student. Data analysis and academic writing were executed by the student 

under supervision of doctor Van Noten. 
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Abstract 

Background: Distal biceps tendinopathies (DBT) are an uncommon, difficult to treat, pathology 

of the upper extremity. Current research is focusing on surgical treatment methods whereby 

almost no literature is available about conservative treatment strategies.  

Objectives: This study will explore if corticosteroid injections could be used as an alternative for 

surgical treatment options. 

Participants: Six patients (43-54 years) with a DBT were recruited by Medical Doctor Dierckx and 

received a corticosteroid injection. The dominant arm was involved in four cases. 

Measurements: A baseline measurement was performed and a one year follow-up is planned 

and will be discussed in a following study. The primary outcome measurements are flexion and 

supination peak torque, range of motion (ROM) and the results of the “Disability of Arm Shoulder 

and Hand (DASH) questionnaire”. Secondary outcomes are total work and work fatigue.  

Results: The participants had a mean DASH score of 38.06 (SD= 19.88). There existed a deficit for 

flexion and supination peak torque of respectively 29% and 32% and for total work of respectively 

39% and 44%. Flexion fatigue was the same for the injured and non-injured arm but no fatigue 

was measured during supination in the injured arm. Further, no ROM difference existed between 

the non-injured and injured arm.  

Conclusion: Patients with a DBT encountered many problems during performing activities of daily 

living due to pain and a strength deficit. The following study with the follow-up results will clarify 

if corticosteroid injections could be used as an alternative treatment option for surgery.  
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Introduction 

Distal biceps tendinopathies (DBT), like partial tears, chronic degeneration, bicipitoradial bursitis 

and total tears, are an uncommon pathology of the upper extremity (Behun, Geeslin, O'Hagan, & 

King, 2016). For all the total biceps tendon tears (both proximal and distal), only 3% of the cases 

involve a distal tendon tear. More common is a tear of the proximal tendons of musculus biceps 

brachii, 96% the long head and 1% the short head (Dobbie, 1941). A total tear is mostly due to an 

acute event and it appears in 2.55 patients out of 100 000 musculoskeletal patients a year (Kelly, 

Perkinson, Ablove, & Tueting, 2015). There is no data known about the incidence of the other 

DBT because they could be asymptomatic (Behun et al., 2016).  

The musculus biceps brachii (BB) has its origin on the supraglenoid tubercle of the scapula (long 

head) and on the coracoid process of the scapula (short head). It inserts on the radial tuberosity 

of the radius and radiates in the antebrachial fascia through the lacertus fibrosus aponeurosis. 

Because the BB spans the shoulder and elbow joint, it produces movements in both. In the 

shoulder the BB works as an anteflexor of the upper arm. The long head of the BB abducts and 

endorotates the humerus and the short head works as an adductor. The BB is also a very 

important elbow flexor and forearm supinator (Platzer, 2012).  

A distal biceps tendinopathy is caused by an acute trauma or an injury through overuse. Acute 

trauma results from a sudden extension moment on the elbow whereby the BB has to produce 

an excessive eccentric flexion moment (Bernstein, Breslow, & Jazrawi, 2001; Kelly et al., 2015). 

For example, carrying a load which is too heavy, overpowering the maximally working elbow 

flexors, causing the elbow to extend from a flexed position. Limited blood supply, mechanical 

impingement and the type of the bicipital tuberosity makes the tendon vulnerable for overuse 

injuries (Mazzocca et al., 2007; Seiler, Parker, Chamberland, Sherbourne, & Carpenter, 1995) 

caused by repetitive supination (Cook & Purdam, 2009), like using a screwdriver for a long time. 

The blood supply is provided by two arteries, namely the brachial artery and the posterior 

interosseous recurrent artery. The brachial artery provides the proximal one third of the distal 

tendon with blood and the posterior interosseous recurrent artery the most distal part of the 

distal tendon. In between, there is a zone with limited blood supply because it receives its blood 
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only through the extratendinous paratenon cover. This zone is therefore more vulnerable to 

injuries because the tendon repair mechanisms are restricted (Seiler et al., 1995).  

 

 

 

Figure 3: Three zones of vascularization within distal BB tendon; copied from Seiler et al. (1995) 

Mechanical impingement during pronation adds stress to this hypovascular zone. When the 

forearm is rotated from supination to pronation, the space between the lateral border of the 

ulna and the radial tuberosity is narrowed by approximately 50%. As the distal biceps tendon is 

Figure 1: vascularization of the paratendon of the proximal 
musculotendinous junction (open arrow) and intratendinous 
vessels (closed arrow) by the brachial artery; copied from Seiler 
et al. (1995) 

Figure 2: vascularization of the biceps tendon insertion by 
intratendinous vessels from the posterior recurrent artery 
branching through distal tendon (closed arrow); copied from Seiler 
et al. (1995) 



9 

attached to the radial tuberosity, it is impinged in this narrowed space during pronation (Seiler 

et al., 1995). 

 

Figure 4: A: radioulnar space during full supination; B: decreased radioulnar space during full pronation; copied from Seiler et al. 
(1995) 

 

 

Figure 5: BB tendon (open arrow)  takes up 85% of the 
radioulnar space (closed arrows); copied from Seiler et al. 
(1995) 
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Finally, the shape of the bicipital tuberosity might add to the vulnerability of the distal biceps 

tendon. Mazzocca et al. (2007) described three types of tuberosity’s, a single ridge (either small, 

medium or large), a smooth ridge (no ridge) or a bifid ridge and stated that there were no reports 

in the literature of patients with a distal biceps tendon tear who had a smooth ridge. The biceps 

tendon crosses the tuberosity and the ridge to attach at the ulnar side of the tuberosity. As a 

result there is friction between the edge of the tuberosity and the biceps tendon. Deviations of 

the bicipital tuberosity and the reduced spaces during pronation could lead to wear of the tendon 

(Davis & Yassine, 1956; Seiler et al., 1995).  

The rehabilitation of DBT is far less described than the surgical intervention as golden standard 

for complete tendon rupture (Freeman, McCormick, Mahoney, Baratz, & Lubahn, 2009; Morrey, 

Askew, An, & Dobyns, 1985). DBT rehabilitation starts with a conservative approach including 

rest, activity modification, NSAID’s, splinting and physiotherapy. Behun et al. (2016) stated that 

only 5 cases of successful rehabilitation were described in literature. One case (male, 27 years) 

was functionally recovered after 3 months of rehabilitation (Giombini et al., 2007).The first 4 

weeks of the rehabilitation protocol consisted of active rest and treatment with a thermotherapy 

system for deep tendon heating (41 – 45 °C). This temperature enhance the recovery of tendons 

(Giombini et al., 2002). The second phase consisted of stretching and BB strengthening, with 

specific attention to eccentric exercises. The second case, described by Koulouris et al. (2009), is 

a male (43 years) but no information was given about the conservative treatment protocol. Durr, 

Stabler, Pfahler, Matzko, and Refior (2000) described three cases. The first is a male (40 years) 

who recovered after a local anaesthetic injection and 3 months of physiotherapy (intermittent 

cooling, transverse friction, post-isometric relaxation). There was some ongoing tenderness but 

no limitations in daily activities. The second is a female (67 years) who was treated for two weeks 

with a plaster splint and diclofenac followed by 4 weeks of physiotherapy. No swelling and 

tenderness were present anymore. The third patient is a female (82 years) whose pain and 

swelling disappeared after six weeks and who had no residual symptoms after one year without 

receiving any form of treatment. Further, no trials or case series with a rehabilitation protocol 

were found.  
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Beside conservative therapy, surgery is a widely used treatment option. If there is not really an 

improvement of functionality of the elbow after a few months, surgical repair could be 

considered (Taylor & Hannafin, 2012). But case reports are described in which DBT patients were 

immediately treated surgically without any conservative pre-treatment (Bourne & Morrey, 1991; 

Cho, Song, & Lee, 2011) None of the three cases in Bourne and Morrey (1991) had a complete 

recovery. Some supination and/or flexion weakness and loss of pronation range of motion 

remained and one patient did not returned to full-time work. Bain, Johnson, and Turner (2008) 

recommended a non-operative treatment or a surgical debridement if the tear is less than 50% 

of the tendon thickness and a surgical tendon repair if the tear is bigger than 50%. Summarising 

an immediate surgical treatment is a controversial treatment option for a DTP. A recent 

systematic review discussed the effectiveness of surgical treatment of DBT (Behun et al., 2016). 

The review included 19 studies concerning 86 DBT of which 21 did not received any conservative 

pre-treatment. Behun et al. (2016) ascertained the satisfactory rate of surgical outcomes. 

Satisfaction was complete when range of motion (ROM) loss was less than 30 degrees and 

strength recovered to 80% of the maximum. To properly execute activities of daily living a person 

needs 30° - 130° flexion and 50° - 50° pro- and supination (Morrey, Askew, & Chao, 1981). No 

included study reported of a ROM less than the ROM needed to be functional. Of the 86 partial 

tears included one patient regained only 50° of pronation and another patient had a 10° 

extension and pronation deficit. So there was no functional ROM loss after surgical repair. 

Recovery of flexion strength was almost complete but a supination strength deficit was not rare. 

Supination strength recovered mostly to 80% - 90% (Behun et al., 2016). The predetermined 

allowed deficit of 20% was a mild requirement to be satisfied. Most of the studies had a 

supination strength deficit but they fell in that wide range of 20%. A third requirement for 

satisfaction was the absence of serious complications (surgical revision or lasting nerve injury). 

An higher risk of complications exist due to scar tissue formation, tendon shortening and atrophy 

of the BB as a result of chronicity of the pathology (Bosman, Fincher, & Saw, 2012). Of the 86 

included surgical treated DBT, lasting lateral antebrachial cutaneous nerve paresthesia was 

present in two cases and surgical revision in four. Common complications after surgery (not 

necessarily serious complications) were lateral antebrachial cutaneous nerve paresthesia (17%), 
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posterior interosseous nerve palsy (6%), elbow discomfort (2%), surgical revision (2%) and 

asymptomatic heterotopic ossification (1%) (Behun et al., 2016). Taking into account these three 

requirements Behun et al. (2016) concluded that surgery had a satisfactory rate of 94% but there 

is need of research into nonsurgical treatment strategies. 

In an attempt to avoid surgical complications, some studies have proposed alternative 

treatments like injections with corticosteroids, hyaluronic acid (HA) or platelet-rich plasma (PRP). 

These injections are used for pathologies like rotator cuff tendinopathy and lateral 

epicondylalgia. Since inflammatory cells are absent in chronic tendinopathies, like DBT, 

corticosteroid injections are somewhat a controversial treatment option (Khan, Cook, Bonar, 

Harcourt, & Astrom, 1999). Results of the pain-diminishing effect in chronic tendinopathies are 

inconsistent. For lateral epicondylalgia corticosteroid injections show good short term results but 

long term results are better for other treatment methods (NSAID’s, physiotherapy, PRP injections 

and no intervention) and in rotator cuff tendinopathies it has some moderate positive effect 

(Coombes, Bisset, & Vicenzino, 2010). According to Arroll and Goodyear-Smith (2005), 

subacromial corticosteroid injections have a long term (9 months) positive effect for treatment 

of rotator cuff tendinopathie. Hyaluronic acid (HA) also has an anti-inflammatory effect but it has 

a particularly positive effect on collagen deposition and the lubrication of the sliding of the 

tendons (Abate, Schiavone, & Salini, 2014). HA had a better outcome on pain in patients with 

lateral epicondylalgia compared to a saline injection (Petrella, Cogliano, Decaria, Mohamed, & 

Lee, 2010) and better results in rotator cuff tendinopathies in comparison to placebo injections 

(Abate et al., 2014). Compared to physical therapy or corticosteroid injections there was no 

difference for the treatment of rotator cuff tendinopathies (Abate et al., 2014). A disadvantage 

of HA is that it is expensive and there is no reimbursement for such therapy. Another type of 

alternative treatment is platelet-rich plasma (PRP) injection. This treatment is based on the high 

content of growth factors which should stimulate the healing process of the tendon (Vetrano et 

al., 2013). PRP injections may only be taken in consideration after a non-successful treatment 

with ultrasound-guided corticosteroid injections (Nourissat et al., 2015). 
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Therefore, the purpose of this study is to analyse if corticosteroid injections could be used as an 

alternative treatment strategy for distal biceps tendinopathy whereby an invasive surgery 

technique could be avoided. 
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Method 

Participants 

Patients of Prof. Dr. Carl Dierickx, between 18 and 65 years, who were diagnosed with a chronic 

distal biceps tendinopathy were recruited for the study. All the participants signed an informed 

consent approved by the Ethical Review Commission of Jessa Hospital Hasselt and the 

Commission of Medical Ethics UHasselt. Patients were excluded from the study if they were 

oversensitive to corticosteroids or anaesthetic injection preparations. Diabetes was a relative 

contra-indication. 

Intervention  

The study followed a pretest-posttest quasi experimental design. All the participants received 

one (if necessary two) corticosteroid injection (Depo Medrol 40 mg), by ultrasound guidance, 

from a dorsal approach with an anaesthetic (1cc Xylocaïne 2%).  

The participants were measured at baseline measurement before the injection. The follow-up 

measurements were made 12 months after the injection. Symptoms and functional disability 

(Disabilities of the Arm, Shoulder and Hand questionnaire, DASH questionnaire), range of motion 

(ROM) and isokinetic strength (Dynamometry: Biodex system 3) characteristics were acquired.  

The “Disabilities of the Arm, Shoulder and Hand questionnaire” evaluated symptoms and 

functional disability of the week before completion. It is a self-administered questionnaire and 

was found to be reliable and valid (Kitis, Celik, Aslan, & Zencir, 2009). Thirty questions are scored 

on a five point scale, whereby one stands for “no difficulty” and five for “unable” to do a certain 

functional task. The questionnaire gives a maximum final score of 100 (ratio scale) and the higher 

the score the more disabilities the patient has. 

The active and passive ROM of the supination of the forearm and flexion of the elbow were 

measured by using a goniometer (ratio scale) which is a reliable and valid instrument (Chapleau, 

Canet, Petit, Laflamme, & Rouleau, 2011). During the measurements the patients stood upright 

and held the shoulder in a neutral position. For the flexion/extension measurement the patients 
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kept the forearm in a neutral position and the axis of the goniometer was held at the height of 

the epicondylus lateralis humeri. The longitudinal axis of the humerus was the reference line for 

the stationary arm of the goniometer and the longitudinal axis of the radius for the movable arm 

(described in Clarkson and Gilewich (1989)) Supination/pronation ROM evaluation was 

performed in a 90 degrees elbow flexion, whereas the axis of the goniometer was held at the 

height of capitis metacarpi III with the wrist in an neutral position. The longitudinal axis of the 

humerus was the reference line for the stationary arm and a pen that was held in the wrist the 

reference line for the movable arm.  

The “Biodex system 3” was used to measure isokinetic strength characteristics (ratio scale). The 

Biodex system 3 is a reliable and valid instrument for determining position, moment and velocity 

(Drouin, Valovich-mcLeod, Shultz, Gansneder, & Perrin, 2004). Patients were positioned 

according to the protocol described in Sarda et al. (2013). During the flexion measurement the 

patients were seated as follow: trunk fixed to the chair by two crossing straps, shoulder in slight 

abduction and 45° anteflexion, upper arm supported and fixed by a strap and the forearm in the 

neutral position. The axis of the goniometer was aligned with the axis of the elbow (epicondylus 

lateralis and medialis humeri). For the supination measurement the shoulder was kept neutral 

and the elbow in a 90° flexed position. The forearm was supported and fixed proximally and the 

wrist was kept neutral, between flexion and extension and between ulnar and radial deviation. 

The axis of the goniometer was aligned with the forearm.  

Strength of forearm supination (-80° to 80°) and elbow flexion (45° to 125°) were bilaterally 

measured at a speed of 60°/s for peak torque (three repetitions, Nm) and 180°/s for endurance 

(15 repetitions). 

Outcome measures 

The primary outcome measures of this study were peak flexion and supination torque (Nm), 

flexion and supination ROM (°) and the results of the DASH questionnaire. Secondary outcome 

measures were total work and work fatigue. 
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Statistical analysis 

JMP Pro 10 was used for the statistical analysis of the data. The data were analysed by a one side 

Wilcoxon signed-rank test. Differences were evaluated as significant when p-value <0.05. 

Following hypotheses were tested: 

 H0: active ROM injured arm = active ROM non-injured arm (flexion and supination) 

 H0: passive ROM injured arm = passive ROM non-injured arm (flexion and supination) 

 H0: DASH patient group = DASH control group* 

 H0: peak torque injured arm = peak torque non-injured arm (flexion and supination; 60°/s 

and 180°/s) 

 H0: total work injured arm = total work non-injured arm (flexion and supination; 60°/s 

and 180°/s) 

 H0: work fatigue injured arm = work fatigue non-injured arm (supination and flexion) 

 H0: peak torque non-injured arm – injured arm = peak torque dominant arm (control 

group*) – non-dominant arm (control group*) 

*A previous measured healthy control group (Coenegrachts & Van Noten, 2016) was used. 
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Results 

Participants 

Six patients were recruited for this study. They were all males and the average age was 50.4 years 

(43 years – 54 years). The dominant arm was involved in four cases and the non-dominant arm 

in the other two cases. (Appendix; Table 1: Demographics) 

Range of Motion 

There were no differences in ROM between the injured and non-injured arm. (Appendix; Table 

2: Range of Motion). 

 

Figure 6: ROM flexion/extension ; NI: Non-injured arm ; I: Injured arm ; PAS: Passive ; ACT: Active 
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Figure 7: ROM supination/pronation ; NI: Non-injured arm ; I: Injured arm ; PAS: Passive ; ACT: Active 
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DASH questionnaire 

The scores of the main part and the two optional modules (sport/music and work) were all three 

significantly different from the scores of the control group (p< 0,05). The patient group had scores 

of 38.06 (SD= 19.88), 51.56 (SD= 32.59) and 41.25 (SD= 31.27) respectively. The control group 

had scores of respectively 3.87 (SD= 4.49), 4.46 (SD= 7.63) and 2.68 (SD= 5.13). In the patient 

group, one DASH questionnaire was uncomplete for the main part, two for the sport/music 

module and one for the work module. (Appendix; Table 1: Demographics) 

 

Figure 8: DASH-questionnaire ; DASH: Disabilities of the Arm, Shoulder and Hand ; * p < 0.05 
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Peak torque 

Both, supination and flexion peak torque at 60°/s, were significantly different (a decrease of 32% 

for supination, a decrease of 29% for flexion) between the non-injured and injured arm with a p-

value of respectively 0.0313 and 0.0156.  

At 180°/s a significant difference was exposed between the non-injured arm and the injured arm 

for both supination and flexion peak torque, with a p-value of respectively 0.0313 and 0.0156 (a 

decrease of 29% for supination, a decrease of 27% for flexion). (Appendix; Table 3: Isokinetic 

measurement) 

.  

Figure 9: Flexion peak torque ; Nm: Newton-meter ; °/s: degrees/second ; NI: Non-injured arm ; I: Injured arm ; *: p < 0.05 
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Figure 10: Supination peak torque ; Nm: Newton-meter ; °/s: degrees/second ; NI: Non-injured arm ; I: Injured arm ; *: p < 0.05 
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Total work 

The total work (expressed in Joules) was significantly different between the non-injured and 

injured arm at 60°/s for supination and flexion, with both a p-value of 0.0156 (a decrease of 44% 

for supination, a decrease of 39% for flexion). 

Likewise, at 180°/s, the non-injured arm produced significantly more work for both supination 

and flexion, compared to the injured arm (a decrease of 40% for supination, a decrease of 29% 

for flexion) (p= 0.0156 and p= 0.0469, respectively). (Appendix; Table 3: Isokinetic measurement) 

 

Figure 11: Flexion total work ; J: Joule ; °/s: degrees/second ; NI: Non-injured arm ; I: Injured arm ; *: p < 0.05 
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Figure 12: Supination total work ; J: Joule ; °/s: degrees/second ; NI: Non-injured arm ; I: Injured arm ; *: p < 0.05 
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Work fatigue 

Work fatigue is the ratio of the difference between the work produced during the first 1/3 and 

the last 1/3 repetitions and the work produced during the first 1/3 repetitions ((Wfirst1/3 – Wlast1/3) 

/ Wfirst1/3). There was a significant difference between the non-injured and injured arm during 

supination with a p-value of 0.0469. The non-injured arm had a work fatigue of 8.67% (SD= 10.27) 

and the injured arm of 3.03% (SD= 9.30). This 3.03% was not different from zero (p= 0.2813) so 

no work fatigue appeared in the injured arm during supination. The results were different for 

flexion. Between the non-injured and injured arm no difference appeared and the mean work 

fatigue scores were 18.62% (SD= 10.77) and 19.25% (SD= 8.18) respectively. 

 

Figure 13: Work fatigue ; %: Percent ; °/s: degrees/second ; NI: Non-injured arm ; I: Injured arm ; * p < 0.05 
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Influence of dominance  

An effect of dominance was found during supination at 180°/s. In the control group a significant 

difference (p-value= 0.0054) was present between the dominant and non-dominant arm for 

supination at 180°/s. Moreover for supination at 180°/s, no difference existed between the 

difference of the supination peak torque of the non-injured arm and the injured arm and the 

difference between the dominant and the non-dominant arm of the control group (p-value= 

0.4813). Further, no difference between the dominant and non-dominant arm for supination at 

60°/s and no difference at both velocities for flexion was found. The differences between the 

difference of the injured and non-injured arm and the dominant and non-dominant arm for 

supination at 60°/s and flexion at 60°/s and 180°/s were all significantly different with p-values 

of 0.0432, 0.0392 and 0.0209 respectively. 

 

Figure 14: Peak torque difference ; S: Supination ; F: Flexion ; Nm: Newton-meter ; °/s: degrees/second ; NI: Non-injured arm ; I: 
Injured arm ; D: Dominant arm (control group) ; ND: Non-dominant arm (control group) ; * p < 0.05, ** significantly different from 
zero (p < 0.05) 
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Discussion 

This study showed that people with a DBT had a significant decrease of peak torque and total 

work of their injured arm relative to their non-injured arm. Moreover, their DASH questionnaire 

scores were higher than that of an healthy control group. Surprisingly, no supination fatigue in 

the injured arm was detected. This was in contrast to fatigue after repeated flexion in the injured 

arm, which was present and did not differ relative to the non-injured arm. A second remarkable 

outcome was an insignificant difference between the non-injured and injured arm for elbow and 

forearm ROM, neither active nor passive. 

Tendon approach 

There are different ways to inject corticosteroids. Two main groups that could be made are an 

anterior or dorsal approach. An anterior approach will depose the injection particularly along the 

anterior BB tendon and the dorsal approach will depose the injection particularly to the ulnar or 

radial side (Sellon, Wempe, & Smith, 2014). Doppler imaging should be used during an anterior 

approach to avoid an injury of the brachial artery. During a posterior approach the executor 

should localize the posterior interosseous nerve to avoid nerve injury. A posterior approach is 

mostly recommended because of the accuracy and the ease to execute (Sellon et al., 2014). So, 

which approach that should be used depends on the characteristics of the patient and the 

experience of the executor. Both are safe if they are done with the right precautions and 

expertise (Sellon et al., 2014). A dorsal, ultrasound-guided, approach with corticosteroids was 

used in this study. 
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Range Of Motion 

Mobility of elbow and forearm movements were preserved despite DBT. This means that ROM is 

not a limiting factor for activities of living for patients with a DBT. One remark that had to be 

made was that a trend (both p= 0.0625) towards a decreased active and passive flexion ROM was 

observed in the injured arm but with a mean of 142.17° (SD= 3.18) active flexion still sufficient 

for activities of daily living. Since no literature is available for DBT patients and no ROM 

differences were found between the non-injured and injured arm, healthy patients are used as 

reference for ROM evaluation. Soucie et al. (2011) found a difference between the right and left 

side for elbow extension and forearm supination in 674 subjects, but this difference of less than 

1° is almost negligible. Compared to healthy men ranging from 45 to 69 year (Soucie et al., 2011) 

the non-injured arm of our patient group exhibit more supination (27.93°), pronation (8.3°) and 

flexion (7.33°). A reasonable explanation for this difference is the difference in method of 

measurement. For example, supination and pronation ROM was evaluated by aligning the axis 

just medial to the ulnar styloid and the moving arm of the goniometer with the ventral aspect of 

the radius, excluding any influence of the wrist. This is in contrast with our alignment of the axis 

with metacarpi III and the moving arm of the goniometer with a pencil in the patient’s hand, 

which allows for wrist compensation. Another study (Stubbs, Fernandez, & Glenn, 1993), with 

the same measurement method as Soucie et al. (2011), only differs in supination ROM with a 

difference of 5.8° compared to our patient group. So there could be an influence according to 

the measurement method but probably smaller than the difference between Soucie et al. (2011) 

and this study does exhibit. 
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Disability of the Arm, Shoulder and Hand questionnaire 

Patients with DBT encountered obviously more problems during daily living activities than the 

control group. The patient group had a score of 38.06 (SD= 19.88) which was significant higher 

than the score of the control group (3.87 (SD= 4.49)). A patient group with a total rupture of the 

distal BB tendon reported a DASH score of 39.7 (SD= 21.6) 1.5 months after injury (Schmidt, 

Brown, Sawardeker, DeGravelle, & Miller, 2014). Three different studies give reference values of 

the DASH-questionnaire. The mean value for an American population is 10.10 (SD= 14.68) 

(Hunsaker, Cioffi, Amadio, Wright, & Caughlin, 2002), for a German population 13 (SD= 15.0) 

(Jester, Harth, & Germann, 2005) and for Norwegian men 11 (SD= 2) (Aasheim & Finsen, 2014). 

These three results seems to be of the same magnitude but are for a general population which 

could not be compared with an healthy population. So in fact, these reference values are not very 

useful to compare with. To evaluate the rehabilitation of a DBT, post-surgical reference values 

could be used. After the reconstruction of a chronic distal biceps rupture, a group of 18 patients 

had a mean DASH score of 7.5 (SD= 17.9) (Snir et al., 2013). Values of 6.97 (0-42) (Eardley, Odak, 

Adesina, Jeavons, & McVie, 2010), 9.25 (Junior et al., 2012), and 7.8 (0-22) and 7.4 (0-14) (Hrubina 

et al., 2013) were reported after surgical repair of acute distal BB ruptures. Remarkable is that 

these results are better than the reference values of a general population. So, reference values 

of a healthy population are needed in future.  
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Peak torque 

There was a reduction of peak torque in the injured arm (32% and 29%; respectively) for 

supination at 60°/s and 180°/s relative to the non-injured arm (60°/s: 7.25 Nm (SD= 1.77) vs. 

10.67 Nm (SD= 2.39); 180°/s: 7.93 Nm (SD= 1.75) vs. 11.12 Nm (SD= 3.37)). For an healthy 

population Gallagher, Cuomo, Polonsky, Berliner, and Zuckerman (1997) measured a peak torque 

of 10.6 Nm (SD: 3.2) at 90°/s which is of the same magnitude as the non-injured arm of our 

patient group. A remarkable result is the fact that there was no difference between the 

supination peak torque at 60°/s and 180°/s, both for the non-injured and injured arm (p= 0.375 

and 0.2188 respectively). Normally, at an higher velocity, the peak torque decreases (Carpes, 

Geremia, Karolczak, Diefenthaeler, & Vaz, 2012; Frey-Law et al., 2012; Frontera, Hughes, Lutz, & 

Evans, 1991; Gallagher et al., 1997; Griffin, Tooms, Vanderzwaag, Bertorini, & Otoole, 1993). This 

is the force-velocity relationship, first described by A.V. Hill in 1938. The relationship states that 

the muscle’s ability to produce force decreases with an increasing contraction velocity. This is 

because actin-myosin cross-bridges (structures which provide the muscle’s contraction 

characteristics) have a limited capacity to form and disconnect these bridges (Neumann, 2010). 

After a total BB tendon rupture, previous studies showed a reduction in isometric supination 

peak torque of 37% (Freeman et al., 2009) and 40.4% (SD= 9.0) (Schmidt et al., 2014) compared 

to the non-injured arm. A reduction of 49% was found during isokinetic concentric measurements 

(Nesterenko, Domire, Morrey, & Sanchez-Sotelo, 2010). Logically our supination peak torque 

decrease of 32% is less than these of patients with a total BB. A remaining supination peak torque 

deficit is often present after surgical repair of a total BB tendon rupture. Residual isometric 

concentric peak torque deficit fluctuates between 8% and 28.97% (El-Hawary, Macdermid, Faber, 

Patterson, & King, 2003; Freeman et al., 2009; Hansen et al., 2014; Junior et al., 2012; Peeters et 

al., 2009) and Baba et al. (2017) reported a residual isometric supination peak torque deficit of 

17% compared to the non-injured arm. 

Similar results were measured in the patient group for flexion peak torque. At 60°/s and 180°/s 

a reduction of flexion peak torque of respectively 29% and 27% was found (60°/s: 35.03 Nm (SD= 

35.03 (7.82) vs 49.47 Nm (SD= 5.19); 180°/s: 28.37 Nm (SD= 5.16) vs 38.67 (5.60)). The force-
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velocity relationship was present during flexion. A significant difference between flexion peak 

torque at 60°/s and 180°/s was found for the injured and non-injured arm (both p value= 0.0156). 

Normal isokinetic concentric flexion peak torque for men between 20 and 30 years and between 

40 and 64 years is situated between 32 Nm and 72 Nm and between 19 Nm and 54 Nm 

respectively (Bazzucchi, Felici, Montini, Figura, & Sacchetti, 2011; Chen, Nosaka, Pearce, & Chen, 

2012; Frey-Law et al., 2012; Frontera et al., 1991; Gallagher et al., 1997; Griffin et al., 1993). Peak 

torque of the non-injured arm at 60°/s for the patient group fell between this normal range 

(49.47 Nm (SD= 5.19)). Because of the wide range of reference values, the injured arm should be 

compared with the contralateral arm and not with reference values. A non-surgical treatment of 

a distal BB tendon rupture revealed an isokinetic concentric flexion peak torque deficit of 12% 

(Freeman et al., 2009) and 29% (Nesterenko et al., 2010). The difference between these result 

could partly explained by the fact that the follow-up period in Nesterenko et al. (2010) had a 

median of 2.9 months (2 weeks – 3 year) and Freeman et al. (2009) a much longer follow-up 

period with a median of 38 months (11 – 146 months, mean= 95 months). So, the synergists of 

the BB for elbow flexion (m brachialis, m brachioradialis) had more time to compensate for the 

deficit of the BB. After surgical repair some authors found no difference between the injured and 

non-injured arm (D'Arco et al., 1998; Hansen et al., 2014; Redmond et al., 2016) but others 

noticed a residual isokinetic concentric flexion peak torque deficit of 3% to 5% (El-Hawary et al., 

2003; Freeman et al., 2009). 

Successful rehabilitation of strength in our patients with a DBT is achieved if they score just as 

good or better on peak torque than patients after surgical repair. This means a deficit of 

approximately 5% or less for isokinetic concentric flexion peak torque and 10% – 20% for 

isokinetic concentric supination peak torque. 
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Total work 

Total work is a representation of torque over the whole range of motion and is more useful to 

evaluate rehabilitation than peak torque, which is measured just in one point of the ROM. During 

activities of daily living, muscle strength must be maintained during the whole ROM. Total work 

will probably be affected by changes of overall torque and ROM. In contrast, peak torque will 

probably be unaffected after changes of overall torque or ROM. A standardized measurement 

setup is necessary to compare absolute values of different studies because of influence of the 

ROM settings of the isokinetic measurement device. Instead, relative values can be used. It is the 

ratio between total work of the injured arm and total work of the non-injured arm. A decrease 

of 44% and 39% was revealed for respectively supination and flexion total work at 60°/s and 40% 

and 29% at 180°/s respectively. After surgical repair of complete distal BB tendon ruptures no 

residual flexion total work was revealed (Hansen et al., 2014; Lynch, Beard, & Renstrom, 1999; 

Redmond et al., 2016). Different results for supination (Hansen et al., 2014) revealed a residual 

deficit of 25% to 34%. But other studies didn’t show any decrease (Lynch et al., 1999; Redmond 

et al., 2016). So, no flexion total work deficit may be present for a successful treatment of DBT 

with corticosteroid injections but a residual supination total work deficit could be possible.  

Work fatigue 

Muscle fatigue is the phenomenon whereby the muscle loses its capacity to produce force during 

an intense workout but regains that capacity after some rest (Westerblad, Lee, Lannergren, & 

Allen, 1991). No difference in work fatigue between the injured and non-injured arm was found 

for flexion in the patient group. However, results were different for supination. Work fatigue of 

8.7% was measured in the non-injured arm but no fatigue was present in the injured arm. This 

could be explained by the fear of performing a high intense activity or the restraint in the 

beginning of or during the entire test bout. The fact that the BB is the main contributor to 

supination (Haugstvedt, Berger, & Berglund, 2001) but not to flexion (Kawakami et al., 1994) 

could explain why no fatigue is present during supination in the injured arm but still present 

during flexion. The non-injured side could be used as reference value for evaluation of endurance 
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of elbow flexion and forearm supination after rehabilitation of DBT without any adjustments for 

dominance (Wittstein, Queen, Abbey, & Moorman, 2010).  

Results are conflicting after surgical repair of total BB tendon ruptures. Redmond et al. (2016) 

revealed no difference in flexion work fatigue but during supination less fatigue was present in 

the operated arm compared to the non-injured arm. Leighton, Bush-Joseph, and Bach (1995) 

didn’t show any difference after surgical repair of the dominant arm, but still a moderate flexion 

endurance deficit (18%) after surgical repair of the non-dominant arm. After a non-treated distal 

BB rupture no difference existed between the injured and non-injured arm for both supination 

and flexion work fatigue (Nesterenko et al., 2010), though a significant difference in peak torque 

existed. This could be explained by the fact that after reduction of the initial pain, an so a 

reduction of reflex inhibition secondary to pain, the BB and its synergists could work maximally 

and fatigue at a normal rate.  

DBT patients could report fatigue symptoms more quickly than healthy subjects. Not due to a 

higher fatigue rate but due to a lower initial peak torque (Nesterenko et al., 2010). So, work 

fatigue is not very useful to evaluate rehabilitation of a DBT.  

Influence of dominance  

A significant difference was found between the difference in peak torque of the non-injured and 

injured arm (patient group) and the difference in peak torque of the dominant and non-dominant 

arm (control group) for supination at 60°/s and flexion at 60°/s and 180°/s. Moreover, at these 

velocities no difference in peak torque existed between the dominant and non-dominant arm 

(control group). So, no effect of dominance has to be taken into account at these velocities. 

During supination at 180°/s an effect of dominance was found in the control group. The measured 

difference in supination peak torque at 180°/s between the injured and non-injured arm (patient 

group) could be reduced by this effect. However, only four out of six patients were injured on the 

dominant side, so the effect is probably negligible. 

Contradiction exists in literature concerning the influence of dominance in peak torque. Some 

studies did not reveal any significant difference between the dominant and non-dominant arm 
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during isokinetic concentric contractions (Carpes et al., 2012; Frontera et al., 1991). Meanwhile, 

Gallagher et al. (1997) made report of a difference of 7% during isokinetic concentric 

contractions. During isometric contraction, with an elbow angle of 90°, a difference (19%) was 

found between the dominant and non-dominant arm (Carpes et al., 2012). A reasonable 

explanation is the fact that people carry loads in their dominant arm, with 90° elbow flexion, 

during daily life activities, resulting in functional properties of the elbow flexors changing at that 

specific angle (Carpes et al., 2012). 

It is inconclusive what influence the frequent use of the dominant arm during daily life activities 

has on peak torque. Therefore, a comparison of peak torque of the injured and non-injured arm 

could be made to evaluate rehabilitation after a DBT without adjustment for dominance.  
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Strengths and weaknesses  

The most important strength of this study is the fact that it was the first experimental setup for 

corticosteroid injections in patients with a distal biceps tendinopathy. Another strength is that 

function, activity and participation level were measured, which created a broad picture of the 

patients. A weakness of this study is the small number of patients, but due to the uncommonness 

of the pathology it is difficult to include more patients in a short time period. A second weakness 

is the fact that no control or placebo group is present, with the consequence that any measured 

improvement could be caused by the corticosteroid injection or by the natural healing process.  
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Conclusion 

Patients with a DBT encountered many problems during daily living activities due to pain and a 

strength deficit. The following study with follow-up results will clarify if corticosteroid injections 

could be used as an alternative treatment option to surgery. Further research, with a randomized 

controlled trial protocol, is necessary.  
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