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INTRODUCTION 
The position and moving of the scapula should be in 
harmony with the motion of the arm for the proper 

movement of shoulder complex. This movement in 
other words scapulohumeral rhythm, is mostly based 
on synergistic coordination between the upper and 
lower trapezius, rhomboids, and serratus anterior 

ABSTRACT 

Purpose: Scapular dyskinesis is defined as alteration in scapular movements due to the loss of strength in scapular 
muscles; tightness of the soft tissues around shoulder and postural problems. Proprioceptive neuromuscular 
facilitation (PNF) is one of the therapeutic exercises to improve muscles weakness and pain levels.  The aim of this 
study was to investigate the effects of a six-week PNF application on scapular muscle strength, scapular asymmetry, 
and pectoralis minor (PM) muscle tightness in participants with asymptomatic scapular dyskinesis. 
Methods: Twenty-five asymptomatic participants were evaluated using the video analysis method to determine the 
scapular dyskinesis. Eleven of them diagnosed with scapular dyskinesis and recruited for the PNF application. Lateral 
scapular slide test (LSST); tightness of PM; the muscle strength of serratus anterior (SA); lower trapezius (LT) and 
upper trapezius (UT) were evaluated. Anterior elevation-posterior depression; posterior elevation-anterior depression 
of PNF patterns were applied as repeated contractions technique by 2 times a week for 6 weeks.  
Results: The LT (p=0.012) and SA (p=0.035) muscle strength increased following PNF training, while UT muscle 
strength was similar (p>0,05). The UT/SA (p=0.035) and UT/LT (p=0.012) strength ratios decreased following PNF 
application. The mean differences of PM tightness and LSST did not exceed the established MDC%95.  
Conclusion: Scapular muscle balance improved following scapular PNF training. Therefore, scapular PNF patterns 
would be considered as an alternative treatment option to provide scapular stabilization and increase muscle 
strength. 
Keywords: Shoulder, scapula, rehabilitation, pectoralis muscle. 
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muscles (1). Scapular dyskinesis alters the 
kinematics of the glenohumeral and 
acromioclavicular joints, resulting with reduce of 
periscapular muscles and rotator cuff muscle strength 
(2,3). Scapular dyskinesis has been associated with 
various problems such as acromioclavicular 
instability, shoulder impingement syndrome, rotator 
cuff injuries, glenoid labrum injuries, clavicle 
fractures, and neck-related or posture-related injuries 
(4). It is commonly seen in the asymptomatic 
population (5). 
Tightness of pectoralis minor (PM) and muscle 
imbalances are another important biomechanical 
change that related to scapular dyskinesis (6). PM 
tightness has been linked to scapular internal rotation 
and anterior tilt during shoulder elevation (7). 
Researchers also reported that stretching the PM 
muscle increases external rotation and posterior tilt of 
the scapula during shoulder elevation (8). The 
shortening of the PM alters the scapular kinematics 
and causes a movement pattern like those with 
subacromial impingement syndrome (9). Therefore, it 
is important to optimize the length of PM muscle for 
gaining the normal scapular kinematics. 
Proprioceptive neuromuscular facilitation (PNF) 
exercises are designed to facilitate the 
neuromuscular response of the proprioceptors and its 
diagonal patterns are in line with the topographic 
orientation of the muscles (10). PNF training 
proposed to facilitate muscle performance through its 
movement patterns (11,12). Research showed that 
PNF training is more efficient than conventional 
exercise training to improve muscle performance, to 
relieve pain, to enhance balance, and to increase 
range of motion (ROM) (13-19). It is stated that 
scapular PNF patterns are effective in improving 
shoulder function and ROM, as well as reducing pain 
immediately in patients with adhesive capsulitis (20). 
Combination of PNF training with exercise programs 
is found to be more effective in patients with post-
traumatic elbow stiffness in terms of function, elbow 
flexion, active ROM, and pain (21). 
Although PNF is a frequently used treatment method 
in clinics, its use in individuals with scapular 
dyskinesis and the effects on muscle strength and 
scapular muscle strength are unknown. Therefore, 
this study aims to examine the effects of the scapular 
PNF training method on muscle strength and PM 
muscle tightness in individuals with scapular 
dyskinesis. We hypothesized that after a 6-week PNF 
training subjects with asymptomatic scapular 

dyskinesis would demonstrate higher scapular 
muscle strength, balanced muscle strength ratio, 
decreased scapular asymmetry and increased PM 
length.  
 
METHODS 
A single group repeated-measure and single blind 
design was used for this study. Data were obtained 
between December 2020 and March 2021. Ethics 
Board of Lokman Hekim University (2020086) was 
approved the study. A priori sample size calculation 
was conducted with G-Power 3.1.9.2 (University of 
Kiel, Germany) using this data for Wilcoxon test, a 
power of 0.80, an alpha of 0.05, and determined that 
at least 12 participants were needed in the present 
study. All participants read and signed informed 
consent. The study was registered to Clinical Trials 
with the ID of NCT04622800.  
 
Participants 
Twenty-five asymptomatic individuals were evaluated 
using the video analysis method to determine the 
scapular dyskinesis. Eleven of them diagnosed with 
scapular dyskinesis and recruited for the PNF 
application. 
Inclusion criteria for participants; aged between 18-30 
year and having Type I or Type II scapular dyskinesis. 
Exclusion criteria follows; having any pain related to 
shoulder or scapulothoracic region, having acute 
orthopedic upper extremity injury in last three weeks, 
having any history of upper extremity surgery. 
 
Video analyzing of scapular dyskinesis 
Participants were videotaped from their back while 
standing in normal position with a camera (Canon 
EOS 650D, Canon, Tokyo, JP) fixed on a tripod, 
which 150 cm height from floor and 204 cm away from 
the participants. The data were collected at a sample 
rate of 60 frame per second. The test was performed 
at sufficiently enlightened room to ensure scapular 
movement. The participants evaluated during 
bilateral overhead arm elevation with a dumbbell in 
scaption position (45° anterior to the frontal plane). 
Scaption position was evaluated during 
familiarization session with a goniometer and ensure 
during test by tester. Arm elevation was performed 
with 2.5 kg dumbbell for participants with more than 
68 kg and 1.5 kg dumbbell for less than 68 kg. 
Participants were allowed three familiarization trials 
before test and after that performed five successful 
trials for test. The movement speed was determined 
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by the metronome and the participants were asked to 
elevate his/her arm within three seconds and lower it 
again within three seconds in a synchronized manner.  
The recordings were by the same physiotherapist 
(HEK). Four different physiotherapists (EU, FT, PH, 
HGD) evaluated the records separately and the 
presence and type of scapular dyskinesis was 
determined (three of the physiotherapists had five 
years-experience and the senior author had a 14-year 
experience in this field). Participants, who all 
physiotherapists had a consensus on the same type 
of scapular dyskinesis were included in the study. 
Participants diagnosed with Type I scapular 
dyskinesis if they had prominence of the inferior 
medial scapular angle. Participants diagnosed with 
Type II scapular dyskinesis if they had prominence of 
entire medial scapular border (22). 
 
Pectoralis Minor Tightness Measurement 
PM tightness was evaluated bilaterally while 
participant standing in relaxed position. The distance 
between the coracoid process and forth rib was 
measured with a tape (23). Measurements were 
repeated three times and the average value was 
recorded.  
 
Lateral Scapular Slide Test  
Scapular asymmetry was evaluated with lateral 
scapular slide test (LSST). The LSST evaluated at 
three different arm positions. At position 1, both arms 
placed in glenohumeral neutral position on the side; 
at position 2 the hands placed waist with the thumbs 
facing back and humerus in medial rotation at 45° 
abduction; at position 3 both arms evaluated 90° 
abduction with maximum internal rotation. 
Measurement of scapular asymmetry was recorded 
bilaterally with a tape measure from the inferior 
scapular angle to the spinous process of vertebra in 
the same horizontal plane in all three tests position. 
Measurements were repeated three times and the 
average value was recorded. To measure scapular 
asymmetry, extremity differences was calculated. 
This difference was used for statistical analysis. A 
bilateral difference of greater than 1.5 cm was used 
to determine positive LSST (24). 
 
Scapular Muscle Strength Tests 
Scapular muscle strength evaluated as previously 
reported by hand-held dynamometer (Nicholas 
Manuel Muscle Tester, Lafayette Indiana 
Instruments) (25). The participants were placed at 

scapular midrange position to optimize length-tension 
relationship and instructed to generate maximum 
isometric force against the dynamometer. All tests 
repeated three times and average value was 
recorded.  
The upper trapezius (UT) muscle strength test was 
performed at sitting position. The dynamometer was 
placed on the superior scapula. The participants were 
asked to lift their shoulder with a maximum strength 
against the dynamometer. Force was applied 
downward in direction to scapular depression 
movement (25). The lower trapezius (LT) muscle 
strength was evaluated in prone position with 
shoulder elevated 140° and thump faced up. The 
dynamometer was placed over scapular spine in 
between the acromion and the root of spine of the 
scapula and participants was asked to lift their arm 
with maximum strength.  Force was applied along the 
humerus long axis parallel to the ground (25). The 
serratus anterior (SA) muscle strength was evaluated 
in supine position with shoulder and elbow flexed at 
90°. The force was applied to the olecranon process 
of ulna along the long axis of humerus and the 
participants were asked to lift their elbow with 
maximum strength. Activation of triceps muscles was 
not allowed through observation and palpation of the 
muscle to ensure that only SA muscle generate the 
force (25). 
 
PNF Intervention 
Anterior Elevation-Posterior Depression and Anterior 
Depression-Posterior Elevation Patterns of Scapula 
were applied with repeated contractions technique 
(Appendix A). Each pattern was repeated 10 times, 
with a 2-minute rest break. The PNF was applied 2 
times a week for a total of 6 weeks. The same 
physiotherapist was applied the PNF to all individuals 
and this physiotherapist did not know the diagnosis, 
affected side or any medical condition of the 
individuals for blindization (NBC).  
For the level of perceived resistance, the Rated 
Perceived Exertion (RPE), (graded between 0-10, 
0=no effort at all, 10= very, very hard, maximal effort), 
was used to determine, and the perceived effort level 
was set to 5-6 (somewhat hard) to ensure 
standardization.  
Pectoralis minor tightness, scapular asymmetry and 
scapular muscle strength were evaluated before the 
application, at 6th weeks following PNF application 
and 12th weeks. There were no PNF application 
applied between 6th and 12th weeks period.   
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Statistical Analysis 
Data were visually analyzed with histograms, Q-Q 
plots and Shapiro-Wilk tests for normality of the 
distribution. Friedman analysis of variance by ranks 
tests were conducted to test whether there was a 
significant change in the PM tightness, LSST, UT/SA 
and UT/LT strength ratios use to violation of 
parametric tests assumptions (non-normal 
distribution and low number cases, respectively). The 
Wilcoxon test was performed to test the significance 
of pairwise differences using Bonferroni correction to 
adjust for multiple comparisons. An overall 0.05 type-
I error level was used to infer statistical significance.  
Intraclass correlation coefficient (ICC3,1) was used to 
determine the consistency of three repetitions of PM 
tightness, LSST and muscle strength measurements. 
The error of measurement was determined with 
standard error of measurement (SEM) and minimal 
detectable change with 95% confidence interval 
(MDC%95): SEM=SD X , MDC%95= 1.96 X

 (26,27). 
 
RESULTS 
The demographic characteristics of the participants 
are shown in Table 1. 
The reliability results of the PM tightness; LSST and 
muscle strength measurements revealed high 
reliability (Table 2).  
PM tightness reduced among measurement time 
points following PNF application (p=0.001). This 
reduction was observed both from baseline to 12th 
week (mean difference=1.27 cm; p=0.005) and from 
6th week to 12th week (mean difference=0.95 cm; p= 
0.012). But none of these differences were exceed 
the established level of MDC%95=2.27 cm. There was 
no difference between baseline and 6th week 
(p>0.016).  
The LSST results of 45° test position were different 
among measurement time points (p=0.019). The 

LSST difference reduced only from baseline to the 6th 
week (mean difference=0.51 cm; p=0.016). But the 
mean difference between time points was below the 
established level of MDC%95=0.69 cm. There were no 
differences between baseline - 12th week and 
between 6th - 12th week (p>0.016). 
The muscle strength of both LT (p=0.012) and SA 
(p=0.035) were improved following PNF application 
while UT strength was similar among time points 
(p>0.05). LT muscle strength increased between 
baseline and 6th week (mean difference= 36.53 N; 
p=0.006). There were no differences from baseline to 
12th week results and from 6th to 12th week results 
(p>0.016). Similarly, SA muscle strength increased 
between baseline and 6th week (mean difference= 
36.49 N; p=0.004). There were no differences from 
baseline to 12th week results and from 6th to 12th week 
results (p>0.016) (Table 3). The mean differences for 
both LT (MDC%95=5.71 N) and SA (MDC%95=7.18 N) 
muscle strength were exceeded the established 
MDC%95.  
The UT/SA (p=0.035) and UT/LT (p=0.012) strength 
ratios decreased following PNF application. These 
strength ratios decreased only from baseline to 6th 
week (p=0.006) (Figure 1).  The results between 
baseline and 12th week; 6th week and 12th week were 
similar (p>0.016). 
 
DISCUSSION 
In present study, we aimed to investigate the effect of 
a six-week PNF application on scapular muscle 
strength, scapular asymmetry, and pectoralis minor 
muscle tightness in individuals with asymptomatic 

Table 1. Demographic characteristics 
 

Years 25.4±4.1 years 

Height 171.6±9.9 cm 

Weight 65.8±15.6 kg 

Body Mass Index 22.1±3.4 kg/m2 

 
 

 

 
 

Table 2. The reliability data of the measurements 
 

Parameters  ICC SEM MDC 
 
PM tigthness (cm) 

 
0.96 

 
0.67 

 
2.27 

 
LSST (cm) 

   

0° 0.97 0.08 0.79 
45° 0.98 0.06 0.69 
90° 0.96 0.08 0.79 
 
Muscle Strength(N) 

   

UT 0.96 12.55 9.81 
LT 0.97 4.25 5.71 
SA 0.98 6.71 7.18 

PM: Pectoralis minor; LSST: Lateral scapular slide test; 
UT: Upper trapez; LT: Lower trapez; SA: Serratus 
anterior; ICC: Intraclass Correlation Coefficient; SEM; 
Standard Error of Measurement; MDC: Minimal 
Detectable Change  
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scapular dyskinesis. The most important findings of 
the present study were that LT and SA muscle 
strength increased and UT/LT and UT/SA strength 
ratio decreased significantly following PNF 
application. Even there were significant time 
difference in LSST results and PM tightness; the 
differences did not exceed the established MDC%95 
levels. Therefore, the hypothesis of the study was 
only supported on scapular muscle strength balance 
would improve following PNF training in individuals 
with asymptomatic scapular dyskinesis.  
Both overhead and non-overhead athletes have a 
high prevalence of scapular dyskinesis (5,28). A 
current systematic review revealed that 
asymptomatic athletes with scapular dyskinesis had 
a 43% greater risk of developing future shoulder 
pathology than those without scapular dyskinesis 
(28). The strength deficits or strength imbalance of 
scapular muscles lead to disoriented scapular 
movement, which may contribute to future shoulder 
injuries. Therefore, many of rehabilitation programs 
targets to strengthening of scapular muscles to 
promote proper scapular positioning and optimal 
scapulohumeral rhythm. It is well known that 
trapezius and SA muscles displayed high to very high 
electromyographic (EMG) activation during upper 
extremity PNF patterns (29,30). Furthermore, Park et 

al (30) showed that a modified PNF exercise in push-
up plus position was more effective than only push-
up plus exercises to increase the LT and SA muscle 
activity levels and therefore to optimize the UT/SA 
ratio.   
Several researchers examined the effect of PNF 
techniques on muscle performance (14,16,31,32). 
Kofotolis et al. [16] showed that an eight-week lower 
extremity PNF training would change the vastus 
lateralis (VL) fiber type distributions, increase the 
mean cross-sectional area of VL muscle in healthy 
population. Hall et al. (32) stated that isometric 
inversion muscle strength improved around 28% and 
eversion strength increased around 31% while no 
change was detected in dorsiflexion and plantar 
flexion strength following ankle PNF patterns (3 times 
a week for 6 weeks) in individuals with chronic ankle 
instability. They applied two diagonal patterns: 
dorsiflexion-inversion & plantar flexion-eversion and 
dorsiflexion-eversion & plantar flexion-inversion. The 
authors emphasized that strength improvement was 
specific to manual resistance direction that applied 
via PNF, since they did not find any difference in 
dorsiflexion and plantar flexion strength (32). In the 
present study, we applied the repeated contraction 
techniques of PNF using the scapular patterns to 
restore periscapular muscle strength. The results 
showed that LT muscle strength increased 21.7% and 
SA muscle strength increased 22.6% following a six-
week PNF application. In addition, UT muscle 
strength did not show any difference following PNF 
application (difference=1.8%). The significant 
increase of LT and SA muscle strength relative to UT 
strength resulted with decrease of UT/LT and UT/SA 
muscle strength ratios. The optimal UT/SA muscle 
strength ratio recommended as lower than 0.60 in 
healthy individuals (33). The present study’s baseline 
results of UT/LT and UT/SA strength ratio were range 
between 0.35-0.49 and these strength ratios 
improved to 0.10-0.21 with the 6-week PNF training. 
But these beneficial effects did not continue when 
PNF training was ended (between 6th and 12th weeks) 
and the ratios reversed to their baseline values (ratios 
ranged between 0.34-0.42). These results showed 
that, PNF application would improve the scapular 
muscle strength balance only during the application 
period in individuals with scapular dyskinesis. Adding 
functional exercises combination with PNF training 
might maintain the beneficial effects of only PNF 
application in long term.  

 
Abbreviations: UT; upper trapezius, LT; lower trapezius, SA; 
serratus anterior. significant differences between baseline and 
6th week (Wilcoxon Test with Bonferonni correction 
 
Figure 1. Comparison of scapular muscle strength ratio 
at baseline, 6th week and 12th week after PNF 
application  
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Exercise therapy is considered as the primary 
treatment method for restoring the scapular muscle 
strength balance and the proper movement of the 
scapula (34-36). In a previously published study, 
Sung-Min Ha et al. [34] stated that UT and SA muscle 
strength increased approximately 60% after a six-
week self-scapular upward rotation exercise 
treatment in subjects with scapular dyskinesis. Also, 
the authors speculated that strengthening of these 
muscle groups could optimize the resting muscle 
length and restore scapular alignment. Similarly, in 
another study Başkurt et al. (35) reported that 
strength of UT (≈12%); MT (≈11%); LT (≈10%) and 
SA (≈16%) muscle strength improved after a 6-week 
home-based scapular stabilization exercise training 
which included scapular PNF exercises combined 
with shoulder stretching and strengthening in patients 
with subacromial impingement syndrome. The results 
of the present study showed that a greater increase 
in LT and SA muscle strength achieved with the 
scapular PNF training. The UT strength remained 
without change among timepoints. We observed that 
these strength improvements were specific to the 
scapular patterns, which included anterior elevation-
posterior depression and anterior depression-
posterior elevation of the scapula. We believe that 
these PNF patterns would optimize the strength 

imbalance between UT with both LT and SA in 
individuals with scapular dyskinesis.   
Several studies showed the effectiveness of PNF 
training in different shoulder problems (20,37,38). In 
a case study, it was concluded that scapular patterns 
of PNF application was an alternative and effective 
option when standard strengthening, mobilization or 
electrotherapy modalities were not efficient in patient 
with subacromial impingement syndrome and 
scapular dyskinesis (37). Meneghini et al. (38), 
examined the immediate effect of scapula PNF 
patterns in 32 volleyball players with scapular 
dyskinesis; the authors showed that the number of 
individuals with scapular dyskinesis decreased after 
the scapular PNF training. Balcı et al. (20) stated that 
a combination of scapular PNF patterns with 
physiotherapy modalities was effective in improving 
shoulder function and ROM, while reducing pain in 
patients with adhesive capsulitis. These results 
showed that application of the scapular patterns of 
PNF is an effective way for improving shoulder 
function, for reducing pain and to optimize scapular 
symmetry in different shoulder problems.  
A few studies investigated the effectives of PNF 
training on PM muscle tightness (17,21). Birinci et al. 
(21) showed an additional contract-relax PNF 
stretching to ischemic compression on PM muscle 

Table 3. Measurement parameters at baseline, 6th week and 12th week after proprioceptive neuromuscular facilitation training. 
 

 Baseline 6th week 12th week p 
Parameters  Mean±SD %95 CI Mean±SD %95 CI Mean±SD %95 CI  

Pectoralis minor 
thickness (cm) 

14.18±3.24 12.00-16.36 14.50±3.38 12.23-16.77 15.45±3.10 13.37-17.54 <0.00
1* 

 
LSST 0 (cm) 

 
0.86±0.64 

 
0.44-1.29 

 
0.41±0.49 

 
0.08-0.74 

 
0.45±0.47 

 
0.14-0.77 

 
0.122 

LSST 45 0.86±0.55 0.49-1.23 0.36±0.39 0.10-0.63 0.36±0.45 0.06-0.67 0.019
* 

LSST 90 0.95±0.82 0.40-1.51 0.82±0.75 0.31-1.32 0.23±0.41 -0.05-0.50 0.078 
 
UT Strength (Nm) 

 
249.69±60.
20 

 
209.25-
290.13 

 
254.30±70.3
2 

 
207.06-
301.54 

 
239.98±62.
75 

 
197.05-
281.36 

 
0.148 

LT Strength (Nm) 168.38±36.
38 

143.94-
192.82 

204.91±46.2
1 

173.85-
235.97 

164.0±24.5
6 

147.50-
180.49 

0.012
* 

SA Strength (Nm) 186.45±64.
20 

143.32-
229.57 

228.47±62.1
3 

186.74-
270.21 

179.86±47.
47 

147.97-
211.75 

0.035
* 

UT/LT Ratio 1.49±0.40 1.22-1.76 1.21±0.19 1.08-1.34 1.42±0.28 1.23-1.60 0.012
* 

UT/SA Ratio 1.35±0.22 1.20-1.49 1.10±0.19 0.98-1.22 1.34±0.35 1.11-1.58 0.035
* 

*p<0.05, Friedman analysis of variance by ranks tests, 
UT; Upper trapezius, LT; Lower trapezius, SA; Serratus anterior; LSST: Lateral scapular slide test 
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was more effective compared to static stretching and 
myofascial release to decrease PM tightness. Lai et 
al. (17) indicated that PNF pattern of shoulder 
extension, abduction, internal rotation would increase 
PM length index. Different from the aforementioned 
studies, the present study results revealed that PM 
tightness did not differ following scapular patterns of 
PNF application. A direct comparison of our results 
with the previous study results would be difficult 
because different PNF patterns was used and, we 
performed the PNF stretching on scapular muscles 
not on the PM muscle.  
Previous findings indicated variable results of the 
effects of PNF stretching on LSST results (20,35). 
Balcı et al. [20] applied PNF stretching as two 
diagonals, anterior elevation, and posterior 
depression in patients with adhesive capsulitis and 
found no difference in LSST results. Differently, 
Başkurt et al. (35) found a significant difference in 
LSST results following a 6-week home-based 
scapular stabilization exercise combined with 
scapular exercises in several PNF patterns in 
subacromial impingement syndrome patients. The 
LSST results of the present study did not differ 
following PNF training. This may be because our 
strengthening program does not include stretching 
and functional exercises.   
One of the limitations of the present study was we did 
not compare the effects of PNF training with scapular 
stabilization exercises or self-exercises of PNF 
patterns. Adding an exercise group would improve 
our understanding if a manually resistive application 
such as PNF was effective or not compared to only 
exercises. But the primary aim of this study was to 
compare a 6-week application of PNF to another 6-
week with no application and the results showed that 
PNF training was reversible such as exercise training. 
Another limitation of our study was we evaluated 
asymptomatic individuals, and these results cannot 
be interpreted directly according to the patients with 
scapular dyskinesis. 
In conclusion, this study demonstrates that a 6-week 
scapular patterns of PNF training would improve 
scapular muscle balance between trapezius and SA 
via increasing LT and SA muscle strength in 
asymptomatic individuals with scapular dyskinesis. 
But these beneficial effects did not continue when the 
PNF training ended. Clinicians and health 
professionals might implement PNF scapular 
patterns when designing the rehabilitation programs 
of individuals with scapular dyskinesis.  
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