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Study  design:  Retrospective  cohort  study.
Introduction:  A new  method  of  accurately  assessing  the  compromised  elbow’s  proprioception  was  devel-
oped for  this  postsurgical  population  using  information  from  previous  neurophysiologic  proprioception
studies  of  healthy  elbows.
Hypothesis:  This  retrospective  cohort  study  investigated  the  patterns  and the  degree  of  proprioceptive
impairment  and  recovery  following  arthroscopic  surgery  for chronic  lateral  epicondylitis.
Material  and methods:  Participants  had  undergone  arthroscopic  elbow  surgery  two  years  prior  to  this
study  (n =  15).  Healthy,  non-injured  volunteers  with  similar  demographics  (n =  15)  served  as  controls.  Both
groups  were  evaluated  using  quantitative  measures  of joint  position  sense  for  proprioceptive  functioning.
In  order  to  obtain  the  most  accurate  proprioceptive  measurements,  interindividual  interaction  and  visual
input  biases  were  eliminated.  Retrospective  chart  reviews  were  performed  to  compare  qualitative  self-
reported  measures  of  proprioceptive  function  in  arthroscopic  surgery  patients  before  surgery  and  two
years  post-surgery.
Results: Active  and  passive  joint  repositioning  outcome  measurements  were  similar  between  groups
(p  >  0.05).  No  significant  differences  were  found  among  any  angles  except  one:  passive  joint  position
sense  at  120◦ of  flexion  (p  <  0.05).  At  this  angle,  the  arthroscopy  group  showed  greater  deviation  from
target  angles  than  the  control  group.  The novel  proprioceptive  testing  method  we  developed  was found
to be accurate  and  reliable.
Discussion:  Outcomes  of  arthroscopic  treatment  of chronic  lateral  epicondylitis  with  no  decortication

◦
yielded  outcomes  measure  similar  to those  of  healthy  controls.  The  sole  significant  difference  was  at  120
flexion  passive  joint  repositioning,  with  a higher  negative  angular  deviation  from  the  target  point.  We
propose  that our  study  results  and specific  proprioception  method  may  have  implications  for  improving
accuracy  of future  elbow  arthroscopy  and  proprioceptive  recovery  in this  population.
Level  of evidence:  II, low-powered  prospective  randomized  trial.
. Introduction

Lateral epicondylitis (tennis elbow) is the most frequent elbow

isorder in adults [1,2]. This painful condition is usually felt 1 cm
elow the lateral epicondyle and often causes radiating pain into
he forearm with active or resisted wrist extension [2,3]. One of
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the consequences of this condition is impairment of elbow propri-
oception [4]. Proprioception has been defined as ‘the perception of
movement and position of body segments in relation to each other
without the aid of vision’ [4]. Mechanoreceptors located in the
joint, capsules, ligaments, muscles, tendons, and skin. Intact joint
position sense is necessary for normal muscle coordination and

timing [5]. Proprioception is generally divided into four domains,
kinesthesia (joint position sense or replication, and movement
sense), sense of tension, sense of effort and the sense of balance
[6]. There is evidence that proprioception educational programs
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nd proprioceptive rehabilitation improve primary healing, and
educe the incidence of re-injury thus, significant attention must
e given to recovering proprioception loss [4,7].

Lateral epicondylitis is mostly self-limiting, taking 8–12 months
o recover [2]. The prolonged recovery period is of particular
oncern to professional athletes and individuals who perform
lbow-intensive activities regularly, as the injury can significantly
isrupt their careers during prime competitive years. Conservative
reatment consists of imposing modifications to general activi-
ies and taking breaks from sports activities [8]. Among lateral
picondylitis patients, 4% to 8% do not respond to conservative
reatment [9–11].

Due to the extensive recovery period associated with conser-
ative treatments, sports medicine specialists often find patients
pting for surgery after conservative methods have failed in order
o avoid career interruption. Approximately 10% of patients experi-
nce a moderate to poor outcome with surgical treatment, however
ada et al. reported positive outcomes in all 20 of the patients

n their study who had received arthroscopic release surgery for
hronic lateral epicondylitis [7,11,12]. While arthroscopic surgery
as predominantly successful in the study by Grewal et al., they
oted that patients involved in highly physical occupations expe-
ienced less favorable outcomes after surgery [13]. Peart et al.
ave reported better functional outcomes with minimally invasive
rthroscopic treatment compared to open surgery [14]. Only a few
tudies reported that in the case of arthroscopic treatments, the
njured were found to recover quicker and return to their regular
ctivities sooner than patients who did not undergo treatment [15].

Despite the frequency of elbow injuries and the importance
f retraining proprioception during recovery, little research has
een conducted on the proprioceptive outcomes of various sur-
ical treatments for these injuries compared to the comprehensive
esearch that exists for shoulder and knee joint injuries. Propri-
ception is a precise and complicated parameter that is subject
o confounding by patient visual perception when applied to the
pper extremities. Such confounding has the potential to lead to
nreliable study conclusions that could potentially lead to disease
ismanagement.
A few studies have used limited proprioceptive methodology

n the elbow joint and related injuries. A study by Juul-Kristensen
t al. used an electrogoniometer and a motorized passive motion
evice to test elbow proprioception, and found that people with

ateral epicondylitis had poorer proprioception compared to those
ith healthy elbows [4]. Another study by this group of researchers

nvestigated proprioception measurement techniques in healthy
lbows and found threshold to detection of passive motion (TDPM)
o be a reliable measure for absolute error where as joint position
ense lacked reliability [16].

A literature review by Goble and Brown elucidated recent
tudies supporting the complementary roles played by left and
ight arms, with each arm relying differently on proprioception
ersus visual input during bimanual activities [17]. They went on
o investigate factors affecting elbow proprioceptive functioning
rom a neurophysiological perspective [18]. Their study looked
nto the role of visual and proprioceptive sensory inputs during
roprioceptive tasks involving healthy, right upper limb-dominant
lbows versus non-dominant limbs. They concluded that visual
eedback was more important to controlling motor tasks in the
ominant right upper extremity whereas non-dominant left arm
ovements were controlled by proprioceptive feedback [18].
ther studies by Goble et al. looked at the influence of factors such
s static versus dynamic matching tasks, task difficulty and altered

arget presentation time in dominant versus non-dominant propri-
ceptive tasks [19,20]. Goble et al. have been involved in many of
he elbow proprioception studies, however their studies involved
ealthy elbows [18–20]. The study by Juul-Kristensen et al. looked
atology: Surgery & Research 105 (2019) 329–334

at proprioceptive deficits in those with lateral epicondylitis who
had not been treated surgically [4].

In the present retrospective study, we  evaluate proprioceptive
outcomes of arthroscopic extensor carpi radialis brevis (ECRB) ten-
don release without decortication for chronic lateral epicondylitis.
Proprioceptive parameters provide the most dependable means of
accurately evaluating postoperative outcomes and reliably quan-
tifying postoperative recovery and functioning. However, these
parameters are subject to confounding by patient visual perception
when applied to the upper extremities [17–20]. Such confounding
could potentially result in unreliable conclusions that can lead to
disease mismanagement. To eliminate visual perception and inter-
participant interference biases, we  developed and utilized a unique
proprioceptive testing method that minimized these confounding
factors using blindfolds and separate entrance doors for partici-
pants.

The aim of the study was to investigate the patterns and
the degree of proprioceptive impairment and recovery following
arthroscopic surgery for chronic lateral epicondylitis.

2. Material and methods

Our sample for retrospective analysis and prospective data col-
lection consisted of 15 patients who were right dominant only, and
who had undergone arthroscopic ECRB release without decortica-
tion procedure for chronic lateral epicondylitis at the orthopaedics
and traumatology department of our institution from 2011 to 2013.
Fifteen healthy, non-injured volunteers with equivalent demo-
graphics were recruited as the control group. Proprioceptive data
measurements were performed on the dominant right arms of
arthroscopy patients at a two-year postoperative follow up. The
same protocol was applied to the controls. Patients and controls
shared an activity profile that demanded high levels of upper limb
activity, and included manual laborers as well as tennis, volley-
ball and basketball players. Proprioceptive testing was performed
at our institution’s sports medicine department from 2015–2016.
Approval for the study was granted by the Ethics Committee of
Suleyman Demirel University.

2.1. Participants

Patient inclusion criteria were:

• being 18–55 years of age;
• having a BMI  of 18.5–24.9;
• being right upper limb dominant; participating in a high-demand

upper limb activity;
• having a chronically painful (at least one-year history) of lateral

epicondylitis that was  unresponsive to at least two conservative
treatment sessions (physical therapy, taping and extracorporeal
shock wave therapy) plus at least two local anesthetic-steroid or
PRP injections;

• having an MRI  scan at our institution confirming the chronic lat-
eral epicondylitis diagnosis; postoperatively having been treated
with the same medication, physical therapy and rehabilitation
protocol according to national standard guidelines by expe-
rienced specialists in anesthesiology, infectious diseases and
physical therapy;

• being a native speaker of the investigational (national) language;
being at least a high school graduate; and having a minimum of
2 years of consistent follow-ups.
Control group inclusion criteria were the same without the clin-
ical history requirements: being 18–55 years of age; having an
equivalent BMI  of 18.5–24.9; being right upper limb dominant;
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articipating in a high-demand upper limb activity; and being a
ative speaker of the investigational (national) language and at

east a high school graduate. A control group, instead of evaluat-
ng the contralateral side of the patients, was created in order to
liminate the individual proprioceptive testing experience bias and
isual/sensational right/left cerebral hemispheral difference biases.

Exclusion criteria included;

having ulnar, carpal and radial nerve entrapment syndromes;
osteoarthritis, rheumatoid arthritis, diabetes and metabolic joint
diseases;
cervical pathologies;
spondyloarthropathy; rotator cuff pathology; neurologic and
psychiatric diseases;
smoking; having a history of previous ipsilateral arm pain or
trauma;
ipsilateral fracture history; and having an inconsistent postoper-
ative follow-up compliance.

.2. Operative technique

Elbow arthroscopy was started with standard anteromedial and
nterolateral portals and the diagnosis was confirmed arthroscop-
cally. According to Baker classification all patients had type-II
esions (linear capsular tear). Single deep capsular fissures were
etected in all patients.

The investigated surgical technique was arthroscopic extensor
arpi radialis brevis (ECRB) release with no decortication via antero-
edial and anterolateral elbow portals, under general anesthesia,
ith pneumatic tourniquet inflated to a pressure level no higher

han 100 mmHg  above the intraoperative systolic blood pressure
f the patients. Common extensor tendon is not cut. Cefazolin-
odium (1000 mg  intravenous) was administered 30 minutes prior
o surgery. All the surgical procedures were performed by a single
enior surgeon with extensive experience in elbow arthroscopy. An
lbow specific outcome measure, Preoperative Mayo Elbow Per-
ormance Scores (MEPS), was obtained from patients before the
rthroscopic procedure.

.3. Postoperative period and rehabilitation

Postoperative patients were prescribed a standard pain manage-
ent and antibiotic prophylaxis protocol in consultation with the

nesthesiology and infectious disease specialists, who were blind
o the study. Patients were discharged on the first postoperative
ay. Standard care included ten-day postoperative requirements
f elbow elevation, local ice-packing therapy (3x/day), and an arm
ling. Dressings were changed regularly. Daily functional exer-
ises began with passive range of motion exercises outside the
ling, followed by active range of motion exercises, as the standard
reatment protocol in consultation with the physical therapy and
ehabilitation specialists, who were also blind to the study. Two
ears after surgery, patients meeting the inclusion criteria were
alled for a final follow-up and postoperative MEPS administration.
roprioceptive testing was conducted on the qualifying 15 patients
nd 15 controls using a technique devised to minimize visual and
nter-participant interference biases on proprioceptive tasks.

.4. Proprioception testing protocol

None of the patients had elbow pain at the time of the study.
valuation of elbow function for patients and controls included

EPS, as an elbow specific functional outcome measure, and isoki-

etic dynamometer active and passive proprioceptive matching
asks. Elbow proprioception evaluation tests (passive joint reposi-
ioning of target angles and active target matching) were measured
Fig. 1. Proprioceptive testing setting at 90◦ of flexion, neutral position.

for two sessions in the arthroscopy group as well as in the control
group using an isokinetic dynamometer (Cybex HUMAC

®
NORMTM

Testing & Rehabilitation System, USA). Each session was  composed
of five repeating measurements. Results of the MEPS were also
obtained from both groups after each session by two experienced
sports medicine research assistants working independently from
each other and blind to the study.

The passive repositioning test was  performed using the contin-
uous passive motion (CPM) mode of the Cybex HUMAC

®
NORMTM

machine at 1◦/second angular velocity. After teaching the target
tasks to the participants, the tests were repeated five times in each
of the two measurement sessions. The deviation values represent
the patients’ mean angular deviations from target flexion points
of 60◦ and 120◦ [21]. The active test was performed in the same
way along with active teaching, and repositioning matches with-
out using the CPM function. From 90◦ of flexion, which is the neutral
position to initiate the testing process (Fig. 1), two different target
points were chosen: 30◦ of elbow extension (60◦ flexion from 0◦)
and followed by an additional 30◦ of elbow flexion (120◦ flexion
from 0◦), (Fig. 2). For both patient and control groups, all the mea-
surements, data recording and outcome measures were performed
independently by two  research assistants, yielding two  sets of data
for each participant. In order to prevent any visual stimuli bias, all
individuals in the groups were blindfolded during the tests. The
hands, forearms, elbows and arms of the individuals were stabi-
lized in a standard neutral position by grasping the proprioception
testing handle of the isokinetic dynamometer. Separate entrance
and exit doors to the testing room were utilized in order to prevent
any interference between subjects.

2.5. Statistical analysis

The means of the two measurement sessions were calculated to
obtain final data for the outcome measures as well as for the MEPS.
A Kolmogorov-Smirnov test was  performed for normal distribution
of the data. The t-test was  used for comparing independent samples
of the groups and p < 0.05 was  considered statistically significant.
Passive joint repositioning and active target matching results are
presented as positive or negative angular standard deviations from
the tested target points, respectively represented by plus or minus
values in Tables 1 and 2.
3. Results

The mean age for the arthroscopy group was 45.1 ± 6.4 years.
The mean age for the control group was 40.7 ± 6.5 years. Minimum



332 M. Unal, A. Budeyri, S. Ercan, et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 329–334

Fig. 2. Proprioceptive testing for passive joint position sense at 30◦ of exte

Table 1
Passive elbow joint proprioception constant error values (mean ± SD).

Operation group (n = 15) Control group (n = 15) p value

@ 60◦ flexion 1,2 ± 4,9 −0,3 ± 2,8 0,5
@  120◦ flexion −3,9 ± 4,1 −0,2 ± 2,6 0,02

Table 2
Active elbow joint proprioception constant error values (mean ± SD).

Operation group (n = 15) Control group (n = 15) p value

@ 60◦ flexion −0,3 ± 7,4 −0,2 ± 0,1 0,4
@  120◦ flexion 0,7 ± 5,9 −0,02 ± 1,6 0,8

Table 3
Demographics data (mean ± SD).

Parameters Operation group (n = 15) Control group (n = 15) p value

Age (years) 45.1 ± 6.4 40.7 ± 6.5 0.15
Height (cm) 168.2 ± 10.2 166.4 ± 6.3 0.54
Weight (kg) 76.2 ± 9.5 78.1 ± 10.2 0.54

Table 4
Preoperative and postoperative MAYO elbow performance score outcome
(mean ± SD).

Preoperative Postoperative p value

f
d
g

t
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(
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c

level of high upper limb activity demand individuals. Other limita-
tions included a high threshold for proprioceptive testing inclusion
eligibilty.
MAYO Elbow Performance Score 51.67 ± 9.386 95.67 ± 6.779 0.001

ollow up was two years. There was no statistically significant
emographic difference between arthroscopy treated and control
roups (p > 0.05), (Table 3).

All patients had improved elbow function, and had returned
o their daily activities six weeks and their high demand works
welve weeks after surgery. All patients returned to their pre-injury
ctivity level six months after surgery. None of the patients had
lbow pain. Passive joint repositioning and active target match-
ng results for the arthroscopy group and the control group are
resented in Table 1 and Table 2 respectively. MEPS scores signifi-
antly increased in all arthroscopy patients two years after surgery
Table 4).

Passive joint repositioning outcome measurements of the
rthroscopy group displayed deviations similar to the control
roup. A significant difference between the groups was only
bserved for the passive joint position sense at 120◦ of flexion. At
his angle, the arthroscopy group showed greater deviation from
arget angles than the control group (p: 0.02). No significant differ-
nces were found among any other angles when compared to the
ontrol group in the active and passive tasks.
nsion (60◦ flexion from 0◦) and 30◦ of flexion (120◦ flexion from 0◦).

4. Discussion

Our literature review found no previous studies on proprio-
ception after arthroscopic ECRB release surgery for chronic lateral
epicondylitis, which led to our interest in studying this topic. In
our study, outcomes of arthroscopic surgery for chronic lateral
epicondylitis with no decortication yielded measurements sim-
ilar to those of healthy controls. The sole significant difference
was passive joint repositioning at 120◦ of flexion, where our data
indicated greater negative angular deviations when compared to
controls. This difference may  be due to the effects of arthroscopic
ECRB release surgery. The ECRB muscle has an additional minor
elbow flexion function, and therefore acts as a neurophysiologic
elbow flexion-extension angular detection apparatus. The arthro-
scopic ECRB release procedure loosens this muscle and impairs its
mechanoreceptors, resulting in a lower threshold limit forsens-
ing normal elbow flexion angles. Thus, throughout elbow flexion
tasks, the surgically loosened ECRB muscle spindles and tendon
mechanoreceptors responsible for proprioceptive sensings end
premature signals for ECRB relaxation. By creating a premature
“Stop!” signal to the brain, the command to the released ECRB
muscle led the arthroscopy group participants to detect the target
angle point prematurely due to a position-sensing illusion. Addi-
tional studies would help elucidate the mechanism behind these
findings.

In addition to evaluating the proprioceptive outcomes of arthro-
scopic ECRB release in chronic lateral epiconydilitis, we  developed
a novel method for measuring proprioception after elbow surgery.
Eliminating visual feedback via blind folding during testing refined
our ability to detect actual proprioceptive impairment with greater
sensitivity. Previous research has studied visual input amongst
other factors affecting proprioception, and was  mostly performed
on healthy elbows [16,18–20]. The study by Juul-Kristensen et al.
Used blind folding during proprioception testing, but only investi-
gated patients who had not had surgery for lateral epicondylitis [4].
Several studies investigated the clinical outcomes in patients after
surgery for lateral epicondylitis, but did not assess proprioception
[12–15]. We are proposing that our novel proprioception testing
method is accurate and reliable and believe that it could be of use
to prospective studies on impaired elbows.

Our findings, methods, and proposed biomechanical expla-
nation for impaired proprioception have implications for future
treatment of elbow injuries that could potentially extend into
patient education, surgery preparation, post-surgical self-care and
re-injury prevention.

Limitations of the study included the use of a small sample size.
This was due to our institution’s strict Standard for propriocep-
tive testing inclusion criteria and threshold to include a reliable
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scopic treatment of lateral epicondylitis: comparison of the outcome of ECRB
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Bliddal H. Test-retest reliability of joint position and kinesthetic sense in the
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Few studies focus on healthy elbow proprioception, and
ery few proprioception studies address injured and surgically
reated elbows. This study compares preoperative and postop-
rative MEPS results, along with postoperative proprioceptive
utcome measures between the arthroscopic ECRB released and
ealthy control arms. Our review of the relevant recent lit-
rature led to the conclusion that we needed to refine the
easurement techniques and treatment of elbow proprioception

eficits among post-arthroscopy patients. The data and recom-
endations offered in this study have the potential to provide

 simple, effective way to measure proprioception while reduc-
ng cofounding bias, and may  serve as aspring board for future
esearch.

Blind folding and utilizing separate entrance and exit door scan
educe visual and inter-individual bias, yielding more reliable and
ccurate results of elbow proprioceptive testing.

When matched to controls, outcomes for injured elbows two
ears post-surgery, using our proposed proprioceptive testing
ethod, confirmed the long-term functional success of arthro-

copic ECRB release with no decortication for the treatment of
hronic lateral epicondylitis. The single proprioceptive deficit we
ound in post-surgical patients has a biomechanical explanation
nherent to current implementation of ECRB release. This has
mmediate implications for surgical decision and post-surgical
are, and could conceivably lead to refinements to this established
nd generally successful surgical technique. Further research may
xpand the applicability of proprioceptive measurement in eval-
ation, treatment, and recovery of upper-limb injuries, and even
ive rise to preventive strategies for proprioceptive decline among
he various populations involved in high-demand upper extremity
ctivities.

. Conclusion

Postoperative proprioception measured in patients after arthro-
copic ECRB release for chronic lateral epicondylitis with no
ecortication revealed similar outcomes to those of healthy con-
rols. Higher angular deviations were only found in passive
oint repositioning at 120◦ of flexion. This may  be due to the
oosening of the ECRB muscle spindles or impairement of the
endon mechanoreceptors of ECRB due to ECRB tendon release,
hich we postcreates early relaxation of the ECRB muscle caus-

ng it to detect the target angle prematurely due to altered
roprioception.

Key points
Finding: active and passive joint repositioning outcome

measurements were similar between patients and healthy par-
ticipants. No significant differences were found among any
angles except one: passive joint position sense at 120◦ of flex-
ion.

Implications: patient must practice especially at 120◦ flexion
passive joint repositioning after the elbow arthroscopy treat-
ment.

Caution: our study results and specific proprioception
method may  have implications for improving accuracy of
future elbow arthroscopy and proprioceptive recovery in this
population.
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