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A B S T R A C T

Lateral epicondylitis is a chronic angiofibroblastic degeneration of the origins of the wrist extensor muscles and
is characterized by diffuse elbow pain. Although it is the most common syndrome of the elbow joint, the most
affected structure is the tendon of the extensor carpi radialis brevis (ECRB) muscle. Several theories have been
proposed to explain the pathophysiology of lateral epicondylitis, however, there is no evidence to show that the
sarcomere length and microanatomical features of the ECRB muscle can be affected by the elongated position of
the muscle. We hypothesized that the tensile response may be the responsible mechanism in the pathophysiology
of lateral epicondylitis due to the microanatomy of the ECRB muscle and its functioning in the elongated po-
sition. Elongated position leads to elongation of the sarcomere length by forming a functional traction angle in
the ECRB muscle. The elongated sarcomere length negatively affects muscular microcirculation. Poor micro-
circulation triggers ischemia in the muscle and tendon and leads to an increase in immature Type III collagen
synthesis. Disruption of the collagen continuity and the loss of load-bearing capacity initiate the neovascular-
ization process. This situation accelerates the degeneration process in the tendon and prevents healing.
Furthermore, based on our hypothesis, we recommend new physiotherapy approaches that may contribute to
reducing the increased incidence of tendinopathy and to the healing process.

Introduction

Lateral epicondylitis (LE), or tennis elbow, is defined as the chronic
symptomatic degeneration of the origins of the wrist extensor muscles
attached to the lateral epicondyle of the humerus [1]. The condition is
usually encountered in the 45–57 age range, with no apparent differ-
ence of prevalence between genders. While the incidence of traumatic
LE is 1–3%, the incidences due to idiopathic causes is about 1.3% [2,3].
Lateral epicondylitis affects around 10,000 people in the US every year
and causes a significant increase in healthcare costs each year [4]. Al-
though the etiology of LE is not exactly known, excessive use, micro-
traumas, age, smoking and obesity have been defined as risk factors
[1,5–7].

The first remark on the pathophysiology of LE has been made by
Nirschl and Pettrone, and in their histopathological studies, the re-
searchers described the condition as an angiofibroblastic degeneration
characterized by fibroblastic and vascular responses known as tendi-
nosis, rather than an inflammatory condition [8].

Cook and Purdam, on the other hand, have recently suggested a

clinical model for the histopathological changes. According to this
model, the histopathological changes that occurred were reactive ten-
dinopathy, tendon disrepair and degenerative tendinopathy. Reactive
tendinopathy is defined as non-inflammatory proliferative cellular and
matrix response due to overloads. Excessive use and overloading, along
with repeated microtraumas, cause partial or full rupture of the tendon
and thus tendon disrepair. Angiofibroblastic hyperplasia develops with
the increase of collagen accumulation and the development of neo-
vascularization in the degenerative phase [9].

Extensor carpi radialis brevis muscle (ECRB) is the most affected
muscle [10]. Repeated microtraumas in the extensor tendon attachment
sites cause severe pain at the attachment sites of the extensor tendons
on the lateral of the elbow joint and disruption of collagen organization
is observed in the origin of the ECRB [11]. Studies have shown that the
length and architectural features of the muscle sarcomere may be re-
sponsible for the pathophysiology of tendinopathy [12,13].

Several microscopic changes at the cellular level were also indicated
to explain the pathophysiology of LE. However, heterogeneity of the
cases, differences in the initiation mechanisms of traumatic or non-
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traumatic LE and inconsistency of the responses to treatment suggest
that other factors may as well cause LE and alter the response to
treatment.

In this case, microanatomic and physiological features of the mus-
cles may be an important risk factor in the development of LE. We
believe the sarcomere lengths of the ECRB and other extensor muscles
may have an impact on the development of LE.

The Hypothesis. We suggest that a long sarcomere of the ECRB muscle
may be a responsible mechanism in the pathophysiology of LE.

Evidence for this hypothesis will be based on consideration

The sarcomere length of the ECRB muscle is higher than the normal
physiological sarcomere length

The sarcomere, the smallest functional unit of a muscle, is activated
by actin and myosin proteins. Even if the results from different regions
of the muscle are different, the sarcomere length is almost constant
along a muscle [14–17]. In a study by Gordon et al., it was shown that
the sarcomere length was affected by passive muscle tension and the
optimum sarcomere length was 2.13 μm. In a later study, Friden and
Lieber’s indicated that the optimum sarcomere length was 2.6 μm and
that an increase or decrease in this length caused changes in the power
generation of the skeletal muscle. Increased passive muscle tension
increases the length of the sarcomere by pulling the actin filaments.
Thus, due to the reduced overlap between actin and myosin, the power
generating capacity of the muscle is reduced. Again, in Gordon’s study,
there was no overlap between the actin and myosin proteins when the
length of the sarcomere reached 3.65 μm [18–22].

In Lieber et al.’s study on healthy subjects evaluating the sarcomere
length of ECRB, the sarcomere lengths at full extension and full flexion
of the wrist were evaluated using intraoperative laser and it was shown
that the sarcomere length increased from 2.60 μm during extension to
3.40 μm during flexion. In Loren et al.’s study, the shortest sarcomere
length was 2.00 μm and the longest sarcomere length was 3.10 μm. In
another study on LE patients, it was reported that the ECRB sarcomere
length varied based on joint rotation. As a result of the wrist movement
from full extension to full flexion, the sarcomere length of 2.80 μm
increased to 4.26 μm [22,23]. In conclusion, the sarcomere length of
ECRB while the wrist is in flexion is much longer compared to the
optimal sarcomere length.

The number of studies reporting about how to increase or decrease
the sarcomere length are limited. Animal studies have shown that there
is a phase which initiates after birth and decelerates when the growth is
complete and during which the number of sarcomere increases.
Previous studies have suggested that muscle elongation is associated
with the increased length of each sarcomere; however, in Day et al.’s
study, the researchers showed that with the growth of the extremities
the number of sarcomeres increased. On the other hand, a weekly im-
mobilization of the muscle in a shortened position provides a significant
reduction in the length of the sarcomere, while long-term immobiliza-
tion in an elongated position has been reported to optimize the sarco-
mere length [24–27].

The sarcomere length of the ECRB muscle increases in different functional
positions of the wrist and elbow

In a study examining the change of the ECRB sarcomere length with
wrist and elbow movements, sarcomere length in different positions
was evaluated using intraoperative laser and it was determined that the
ulnar deviation of the wrist was an effective parameter on sarcomere
length [28]. In a study examining the effect of the elbow position on the
ECRB sarcomere length, an unexpected biphasic response was detected
in the ECRB sarcomere length during the movement of the elbow from
full extension to full flexion. The initial sarcomere length of 3.49 µm

during the extended position of the elbow changed gradually to
3.68 µm, 3.34 µm, 3.81 µm and 3.45 µm with the flexing elbow. Based
on the mechanical properties of the skeletal muscle, this response of the
ECRB with the progressing degrees of flexion was expressed as “bi-
phasic elongation” [14]. In a study where the sarcomere length at 45° of
flexion and 45° of extension was measured via microendoscopy, it was
observed that the sarcomere length was 2.93 μm at 45° of extension and
3.58 μm at 45° of flexion [15].

The ECRB muscle is activated more with daily functional move-
ments. In EMG studies, the activation of the ECRB muscle was shown to
occur more often than other wrist extensor muscles [29]. In addition, in
the biomechanical studies on the ECRB muscle, the ECRB muscle has
been reported to be used actively in an elongated position for long
periods of time with the extension of the elbow and pronation of the
forearm, along with the ulnar deviation and flexion position of the wrist
[30–32]. In this position, the sarcomere of the ECRB muscle is much
longer than its normal physiological length. Accordingly, sarcomere
length of the ECRB muscle appear to increase with certain functional
positions of both the wrist and the elbow.

Increased sarcomere length is associated with decreased microcirculation
and ischemia

The sarcomere length has an important place in the physiology of
muscle circulation. The capillary lumen diameter is narrowed by the
increased sarcomere length with the passive tension of the muscle.
Especially in cases where the sarcomere length is longer than 2.9 μm,
the capillary lumen diameter is significantly reduced. This may cause a
decrease in circulation in the muscle and the tendon [33–35]. The
neurovascular features of the tendon are found in the endotenon and
epitenon. Vascular support to the tendon is provided through the
musculotendinous junction and the teno-osseous junction [36–38].
Most tendons have zones characterized by hypovascularity caused by
the poor overlap between the muscle and bone microcirculation
sources.

Since the sarcomere length of the ECRB muscle is greater than
2.9 μm, the capillary lumen diameter of the muscle and tendon de-
creases and causes ischemia. At the same time, the continuance of the
tension of the ECRB muscle against gravity causes deterioration of the
ischemic muscle and tendon structure. The musculotendinous junction
becomes more fragile and sensitive especially as the hypovascularized
musculotendinous junction is more affected with this condition and the
immature Type III collagen synthesis accelerates.

Evaluation of the hypothesis

We believe that microanatomy and the architectural features of the
ECRB muscle may be a new factor in the pathophysiology of LE. The
ECRB muscle starts over the anterior aspect of the lateral epicondyle of
the humerus and attaches to the posterior base of the third metacarpal.
ECRB works against gravity. In studies on healthy individuals, the ECRB
muscle had a sarcomere length of about 3.81 μm. However, when the
length of elongated sarcomere is more than 2.9 μm, microcirculation
has been shown to decrease in the muscle [33–35]. In addition, the
ECRB sarcomere length was also shown to have increased with the
flexed wrist and elbow during daily living activities [14,28].

Our hypothesis in the pathophysiology of LE is the effect of the
activity of the elongated ECRB muscle for long periods of time on the
muscle origin. With the effect of gravity, the wrist and elbow are pulled
downwards with a chronic traction direction. With the effect of gravity
and depending on the position of the wrist and the elbow, the sarco-
mere length of ECRB gets longer than its usual length. As a result of the
elongated sarcomere length, microcirculation in ECRB decreases due to
capillary insufficiency. In addition, ECRB has to function more due to
the elongated sarcomere length. Increased activity due to fatigue and
decreased circulation causes ischemia in the ECRB muscle and tendon.
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This causes repeated inflammation of the muscle and tendon. For ex-
ample, it can be considered that flexion and ulnar deviation of the wrist
and flexion of the elbow while walking are positions where the sarco-
mere becomes longer and that the ECRB muscle is activated against
gravity. We believe that the ECRB muscle and tendon exposed to both
reduced blood circulation and gravity effect may return fibroangio-
degenerative responses (Fig. 1).

Physiotherapy & rehabilitation: clinical implications

Physiotherapy and rehabilitation is important component to treat-
ment of lateral epicondylitis and includes activity modification,
stretching and strengthening exercises, counterforce braces, shockwave
therapy, low-level laser therapy, manual therapy, non-steroidal anti-
inflammatory drugs, corticosteroid injections, autologous blood injec-
tions, platelet-rich plasma injections [4–6].

We can use this new pathophysiological factor to indicate the
physiotherapeutic and rehabilitative approach in LE. Based on our hy-
pothesis, the wrist can be immobilized at 45° of extension and 15° of
radial deviation and the elbow at 90° of flexion in order to reduce the
sarcomere length of ECRB and increase the muscle–tendon micro-
circulation. An immobilization period of 5–7 days may be preferred in
accordance with the inflammation phases. Unfortunately, the literature
holds no studies performed on humans, investigating the effect of im-
mobilization on the sarcomere length. We believe that the relationship
between immobilization and the sarcomere length in humans is worthy
of research.

In our hypothetical physiotherapy protocol, joint range of motion
exercises should be started to prevent muscle contracture and stiffness
after a week of immobilization. However, the exercise for the ECRB
muscle should be continued with the wrist at 45° of extension and 15° of
radial deviation and the elbow at 90° of flexion. Allowing muscle ten-
sion in the early phase of our protocol can be harmful. The movement
should be started when the wrist is extended 45° and continued to
70°–90° of extension and the ECRB muscle should be protected from the
gravitational effect when the wrist falls below 45°. This movement can
be called “short arc motion pattern for the elbow and wrist”. Pain
should be the main point of consideration in the progression of the
protocol. As soon as the painless range of motion is reached, strength-
ening exercises can be started with the eccentric loading model.
Eccentric exercises are known to optimize the sarcomere length and
provide a significant increase in strength. Eccentric exercises can be
started in the extension position with the help of appropriate weights or
resistance bands and can be performed within the range of 45°–70°/90°.
In advanced stages, the wrist and elbow position can be adjusted at
appropriate angles to continue with eccentric exercises. ECRB
stretching exercises should be carried out in conjunction with
strengthening trainings to the extent possible against pain. Stretching
will be probably of importance in our hypothesis protocol since we can
increase the number of sarcomere even after the proliferation phase is

over. Also, previous animal studies have shown that the number of
sarcomeres can be increased by distraction. Our aim is to increase the
number of sarcomeres and to keep the length of the sarcomeres at an
optimal level [39–42]. In this context, we propose that further studies
should investigate the variance in the length of the sarcomere by age.
We believe that these data will support our hypothesis and be con-
firmed by the clinical studies on physiotherapy and rehabilitation for LE
patients.

Conclusion

We believe that the ECRB muscle may affect the pathophysiology of
the elongated sarcomere length, along with the effect of gravity, in
individuals with LE. An elongated sarcomere is associated with de-
creased blood circulation. Poor circulation causes ischemia in the
muscle and the tendon in addition to fibroblastic and vascular responses
in the ECRB muscle due to inflammation.

The advantages of this new pathophysiological factor may be to
establish loading models in the optimal physiological sarcomere range
and to be able to create new approaches for treatments. When the in-
flammatory process begins at the level of the lateral epicondyle, the
ECRB sarcomere length can be reduced and vascular support for the
muscle may be provided if the elbow is positioned at 90° of flexion, the
wrist at 45° of extension and the distal radioulnar joint at 15° of radial
deviation. With exercises aimed at increasing the number of sarco-
meres, the inflammation in the ECRB muscle and tendon can be reduced
and the pathologies of LE may be encountered less frequently.
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