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Abstract  
The objective was to compare the immediate effects of local 
cryotherapy (LC) and passive cross-body stretch on the extensi-
bility of the posterior shoulder muscle in individuals with poste-
rior shoulder tightness. Eighty-seven healthy subjects with a 
between-shoulder difference in internal rotation (IR) range of 
motion (ROM) greater than 10° were randomly divided into 
three groups: LC group, stretching group, and control group (n = 
29 in each group). Subjects in the LC group received LC on 
infraspinatus and posterior deltoid muscles and subjects in the 
stretching group performed passive cross-body stretch. Stretch 
sensation was measured at the end range of passive IR and 
horizontal adduction (HA) using numerical rating scale, and the 
pressure pain threshold (PPT) at the infraspinatus and posterior 
deltoid muscles was measured using pressure algometry. Passive 
and active ROM of IR and HA of the glenohumeral joint were 
measured using an inclinometer. All measurements were per-
formed at pre-intervention, post-intervention, and 10-min fol-
low-up. Stretch sensation was significantly decreased and PPT 
was significantly increased in the LC and stretching groups at 
post-intervention, and these effects were maintained at 10-min 
follow-up, compared to the control group. Both the LC group 
and stretching group had a significantly greater increase in 
passive and active ROM of IR and HA, compared to the control 
group at post-intervention and 10-min follow-up. However, 
there were no significant differences in stretch sensation, PPT, or 
ROM of IR and HA between the LC group and stretching group. 
LC can be used to decrease the stretch sensation and increase 
PPT and ROM of IR and HA as much as a stretching exercise. 
LC could be an alternative method for increasing the restricted 
ROM of glenohumeral IR and HA for individuals with posterior 
shoulder tightness, especially for patients and sports players who 
have severe stretching discomfort.  
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Introduction 
 
Posterior shoulder tightness is a common cause of shoul-
der impingement syndrome, labral lesions, and rotator 
cuff tears in clinical rehabilitation and sport activities 
(Ludewig and Cook, 2002; Tyler et al., 2000; Wilk et al., 
2002; 2005). Posterior shoulder tightness is often assessed 
by measuring the range of motion (ROM) of gleno-
humeral internal rotation (IR) and horizontal adduction 
(HA) (Bach and Goldberg, 2006; McClure et al., 2007).  
A restricted  ROM of  IR  and  HA is caused by  tightness 

of posterior muscles (i.e., infraspinatus and posterior 
deltoid) and the posterior capsule (Borsa et al., 2005; 
Poser and Casonato, 2008; Yang et al., 2012). Passive 
cross-body stretch is an effective method for stretching 
these areas (McClure et al., 2007).  

Short-term (3- to 8- week) stretching program in-
creases ROM by changing mechanical properties, such as 
increasing the length of stretched muscle, inducing elon-
gating connective tissue, and increasing the number of 
sarcomeres in series (McNair et al., 2001; Taylor et al., 
1995; Reid and McNair, 2004). However, although ROM 
increases after single stretching session, increased muscle 
length is transient and some studies have demonstrated 
that muscle stiffness (passive torque/ angle curve) do not 
change significantly (Law et al., 2009; Ben and Harvey, 
2010; BjÃrklund et al., 2001). Increased muscle extensi-
bility after stretching is due to sensory modification, ra-
ther than increased muscle length, an idea referred to as 
sensory theory (Nelson and Bandy, 2004; Weppler and 
Magnusson, 2010). Namely, stretching can increase the 
stretch tolerance at the terminal position of the stretch, 
resulting in increased muscle extensibility and ROM 
(Folpp et al., 2006; de Weijer et al., 2003; Weppler and 
Magnusson, 2010). 

A previous study speculated that local cryotherapy 
(LC) may help endure the uncomfortable stretch sensa-
tion, felt at the final position of the stretch (Brodowicz et 
al., 1996). Stretching the hamstring with ice on it more 
effectively improved supine hamstring flexibility than 
both stretching alone and stretching with heat (Brodowicz 
et al., 1996). In addition, whole body cryotherapy effec-
tively increases the active ROM of glenohumeral flexion, 
abduction, external rotation, and IR in patients with adhe-
sive shoulder capsulitis (Ma et al., 2013).  

To date, no studies have investigated the effects of 
LC on posterior shoulder muscles for the improvement of 
ROM of IR and HA, through modification of the stretch 
sensation at the end range of passive IR and HA. Thus, in 
this study, we investigated the effects of LC on the stretch 
sensation and on the ROM of glenohumeral IR and HA, 
comparing it to passive cross-body stretch and no stretch-
ing. We also investigated the lasting effects of LC and 
stretching (separately) at a 10-min follow-up assessment. 
We hypothesized that LC would decrease the uncomfort-
able stretch sensation, resulting in an increased ROM of 
IR and HA and have a lasting effect, similar to stretching. 
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Methods   
 
Subjects 
We recruited 87 subjects with posterior shoulder tightness 
selected from students of Yonsei University, Korea (Table 
1). Using previously published immediately changes in 
posterior shoulder tightness (Moore et al., 2011), a power 
of 80% and an α level of 0.05 were assumed and the dif-
ference of the glenohumeral IR ROM should be at least 
4.2º between the three groups, which required at least 25 
subjects were needed. The inclusion criteria for selection 
of healthy subjects with posterior shoulder tightness was a 
difference in the passive ROM of the glenohumeral IR of 
over 10° between the right and left side (between-side 
difference; mean ± standard deviation [SD], 16.93 ± 
10.81) (McClure et al., 2007). We excluded subjects who 
had present or previous shoulder pain, history of shoulder 
surgery, reduced sensation, Raynaud’s disease, previous 
cold allergies or who were unable to perform gleno-
humeral active IR and HA. Random-number generator 
function in Microsoft Excel program automatically and 
randomly matched 87 subjects to each group: the LC 
group (29 subjects), the stretching group (29 subjects), 
and the control group (29 subjects). Then subjects were 
provided the allocation information. Before the study, the 
principal investigator explained all procedures to the 
subjects in detail and gave subjects one week to make a 
decision on participating this study. All subjects signed an 
informed consent form, and this study was approved by 
the Yonsei University Wonju Institutional Review Board.  
 
Measurements procedures 
Glenohumeral active and passive ROM of IR and HA, 
stretch sensation, and pressure pain threshold (PPT) were 
measured at pre-intervention, post-intervention (immedi-
ately after intervention), and 10-min follow-up (10 min 
after the post-intervention period) by a single tester who 
was blinded to the random group allocation.   
 
Measurement of posterior shoulder tightness  
Measurement of posterior shoulder tightness included 
active and passive IR and HA using a gravity inclinome-
ter (Acuangle, Isomed, USA). Prior to ROM measure-
ments, subjects were asked to perform three bilateral 
shoulder flexion exercises with hands clasped, holding at 
the end of range for 10 s as a warm-up (McClure et al., 
2007). Shoulder flexion exercise was used as warm-up to 
minimize the extensibility effect on posterior structures 
and IR and HA, and warm-up exercise was able to ensure 
subject’s safety and to facilitate the consistency of data 

being tested (Kolber and Hanney, 2010). The subjects 
were positioned in the resting supine position. To measure 
active ROM of IR, a subject’s arm was placed in gleno-
humeral abduction at 90° on a therapeutic table and elbow 
flexed at 90° without glenohumeral IR or ER. A tester’s 
hand was placed on the anterior region of the subject’s 
glenohumeral joint and the other hand was used to place 
an inclinometer on the distal, posterior part of the fore-
arm. Subjects were asked to perform glenohumeral IR 
until the tester felt an upward movement of the anterior 
region of the glenohumeral joint. The tester recorded the 
value in degrees. ROM for passive IR was measured in 
the same position and a tester performed passive IR until 
the tester felt an upward movement of the anterior region 
of the glenohumeral joint (McClure et al., 2007). The 
tester recorded the value in degrees. Active and passive 
IR measurements were repeated three times with 30 s of 
rest between each trial and the mean value was used for 
data analysis.   

To measure the active glenohumeral HA ROM, 
subjects assumed a supine position with the glenohumeral 
joint at 90° of abduction and the elbow at 90° of flexion. 
A blinded tester grasped the scapular lateral border and 
applied force in the posterior direction to prevent scapular 
protraction and abduction movements. The other hand 
was used to place the inclinometer on the distal humerus, 
and 0° of HA ROM was obtained by placing the humerus 
perpendicularly to the examination table. Then subjects 
were asked to perform active glenohumeral HA as much 
as possible, until the tester felt scapular protraction; the 
tester recorded the active HA ROM value. ROM for pas-
sive HA was measured in the same position, and the tester 
performed passive HA until scapular protraction was felt 
(Laudner et al., 2006) and the value was recorded. The 
active and passive HA measurements were repeated three 
times with 30 s of rest between each trial and the mean 
value was used for data analysis. Intra-rater reliability was 
determined for a blinded tester on 29 shoulders with pos-
terior shoulder tightness. The intraclass correlation coeffi-
cient (ICC, 3,1) was 0.98 with a 95% CI of 0.95–0.99 for 
IR and 0.97 with a 95% CI of 0.94–0.99 for HA. 
 
Measurement of stretch sensation 
Stretch sensation was measured to determine whether LC 
or stretching could modify stretch tolerance. An 11-point 
numerical rating scale was used to rate subjects’ percep-
tions of discomfort at the posterior aspect of the shoulder. 
All the subjects were asked to verbally report a number 
immediately on reaching at the terminal position of each 
passive IR and HA. “0” on the stretch sensation scale 

 
                  Table 1. Comparison of subject characteristics. Data are expressed as means (± SD).  

Characteristics Local cryotherapy 
group (n = 29) 

Stretching group 
(n = 29) 

Control group 
(n = 29) 

Gender (male/female) 19/10 20/9 18/11 
Age (years) 23.45 (1.90) 23.35 (2.08) 23.35 (2.08) 
Body mass (kg)    

male 77.50 (3.35) 76.20 (8.36) 75.80 (6.36) 
female 56.00 (7.35) 54.80 (8.15) 55.10 (8.42) 

Height (m)    
male 1.79 (.05) 1.79 (.07) 1.79 (.06) 

 female 1.68 (.07) 1.67 (.06) 1.66 (.07) 
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indicated ‘‘no discomfort’’ and “10” indicated ‘‘the worst 
possible discomfort and increased sensitivity’’(Ben and 
Harvey, 2010). Subjects were given a pretest to familiar-
ize 11-point stretch sensation scale. The pretest was per-
formed with passive IR and HA to the opposite shoulder. 
For familiarization purposes, a tester would gradually 
increase the range of passive IR and HA to the end range 
and then the subjects verbally reported the level of dis-
comfort at end range position of passive IR and HA. This 
procedure was more repeated twice. Stretch sensation 
measurements were repeated three times for passive IR 
and HA and the mean value was used for data analysis. 
 
PPT Measurement 
The PPT was measured to determine decreased sensitivity 
objectively (Castellote Caballero et al., 2013). To measure 
PPT, a pressure pain algometer (Wagner Instruments, 
Greenwich, USA) was used. A tester measured PPT by 
applying a calibrated mechanical algometer at a constant 
force rate of 1 kg·cm-2/s (Fuentes C et al., 2011). The PPT 
of the infraspinatus and posterior deltoid muscles were 
measured in the prone position. A folded towel and cush-
ion were used to support the subject’s shoulder. A tester 
marked a landmark point of each muscle on the skin using 
a pen for a reliable PPT measurement at each time point. 
The landmarks represented the distal one-third of the 
infraspinatus and the midpoint of the deltoid (Jones et al., 
2007). The tester applied perpendicular pressure to each 
muscle region using the algometer. The applied pressure 
was increased until the subject experienced a sensory 
conversion from pressure to pain. The pressure force 
recorded by the algometer was the minimal amount of 
pressure applied to evoke pain (Jones et al., 2007). The 
PPT measurement was repeated three times and the mean 
value was used for data analysis. Intra-rater reliability was 
determined for a blinded tester on 29 shoulders with pos-
terior shoulder tightness. ICC (3,1) was 0.95 with a 95% 
CI of 0.93–0.97 for the infraspinatus and 0.97 with a 95% 
CI of 0.95–0.98 for the posterior deltoid. 
 
Intervention (LC and Passive cross-body Stretch) 
Interventions included LC on both the infraspinatus and 
posterior deltoid muscles for the LC group, and passive 
cross-body stretch for the stretching group. Subjects in the 
control group received neither treatment; they remained 
on the examination table for measurements at pre-, post-
intervention, and 10-min follow-up. 
 
Local cryotherapy  
A cold flexible gel pack (28 × 11.5 cm; surface area, 322 
cm2) was used as the LC in the present study. It was 
placed over the infraspinatus and posterior deltoid mus-
cles. The middle of the ice bag was centered over the 
acromion region. Subjects removed their shirts to allow 
maximal contact with the ice pack. A shoulder strap was 
used to secure the pack. The subject was asked to lay on 
the treatment table in a resting supine position, and not 
stretch the infraspinatus or posterior deltoid muscles. 
When applying LC, subjects were asked to relax to pre-
vent muscle activation and maintain the cold temperature. 
LC  duration  was  3  min,   based  on  previous   literature 

(Verducci, 2000). 
 
Passive cross-body stretch 
The stretching group performed a self cross-body stretch 
by passively pulling the humerus across the body into 
glenohumeral HA with the opposite arm (McClure et al., 
2007). This stretch was performed six times, holding each 
stretch for 30 s in sitting position.  
 
Statistical analysis 
The Kolmogorov–Smirnov test confirmed a normal dis-
tribution of data (p > 0.05). Baseline (pre-intervention 
period) measurements were compared between groups 
using analysis of variance (ANOVA). To test whether 
there was a difference in intervention efficacy between 
the three groups and adjust the baseline difference be-
tween groups, two-factor analyses of covariance (AN-
COVA) mixed models with the pre-intervention data as a 
covariate, and the two factors of group (LC group, 
stretching group, control group) and time (data at post-
intervention and 10-min follow-up) were performed on 
each outcome. Bonferroni correction was applied for 
comparison between groups at each time point. Analysis 
was performed using SPSS 17.0.1 software (SPSS Inc., 
Chicago, IL, USA). The effect size (Cohen d) was calcu-
lated to provide clinical meaningfulness of the changes in 
ROM, stretch sensation, and PPT using Microsoft Excel. 
Effect sizes were interpreted according to Cohen’s guide-
lines; small (d = 0.20), medium (d = 0.50), or large (d = 
0.80) (Cohen, 1988). 
 
Results 
 
Baseline variables (passive and active ROMs of both IR 
and HA, stretch sensations at end range of passive IR and 
HA, and PPTs for both infraspinatus and posterior deltoid 
muscle) in each group were significantly different (p > 
0.05) except for age, height, and weight (Table 1). The 
covariate-adjusted means of the pre-intervention meas-
urement allowed for comparison of post-intervention and 
10-min follow-up, as if all three groups had the same pre-
intervention scores. For passive and active ROM of both 
IR and HA, a significant group × time interaction (p < 
0.05) was found (Table 2). At post-intervention and 10-
min follow-up, the passive and active ROM of both IR 
and HA were significantly improved in the LC and 
stretching groups compared to the control group (p < 
0.05) (Figure 1). However, the means of these values 
were not significantly different between the treatment 
groups at post-intervention and 10-min follow-up (p > 
0.05) (Figure 1). The calculated effect sizes of passive 
and active ROM of both IR and HA are shown in Table 2. 

For stretch sensation and PPT, there was signifi-
cant group × time interaction (p < 0.01) (Table 2). At 
post-intervention and 10-min follow-up, stretch sensations 
were significantly decreased and PPTs were both signifi-
cantly increased in both groups compared to the control (p 
< 0.01) but not compared to each other (p > 0.05) (Figure 
2). The calculated effect sizes of stretch sensation and 
PPT are shown in Table 2. 
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Table 2. Between-group effect sizes and p values for covariate-adjusted results. 
 Effect size p value < 

 Local cryotherapy 
versus Control group 

Stretching versus 
Control group 

Local cryotherapy 
versus Stretching group

 Post- Follow-up Post- Follow-up Post- Follow-up 
Time Group Time × 

Group 

PROM for IR (°) 1.06 .69 .86 .68 .08 .02 <.001* <.001* <.001# 
AROM for IR (°) .93 .56 .64 .46 .25 .06 <.001* <.001* <.001# 
PROM for HA (°) .81 .57 .54 .64 .09 -.19 <.001* .002* .031# 
AROM for HA (°) .51 .49 .50 .44 -.01 -.10 <.001* .001* .004# 
SS for IR (cm) -.73 -.51 -.47 -.35 -.16 -.04 <.001* <.001* .003# 
SS for HA (cm) -.50 -.43 -.32 -.28 -.09 -.07 <.001* <.001* <.001# 
PPT for Infra (kg) .67 .60 .32 .53 .30 .15 <.001* <.001* <.001# 
PPT for Post.D (kg) .50 .46 .44 .35 .19 .25 .001* <.001* .033# 
* Significant time and group main effect; # Significant group by time for interaction. 
PROM: passive range of motion, AROM: active range of motion, IR: internal rotation, HA: horizontal adduction, SS: stretch sensation, PPT: pressure 
pain threshold, Infra: infraspinatus muscle, Post. D: posterior deltoid muscle. 
 
Discussion 
 
LC decreased the uncomfortable stretch sensation, in-
creased the PPT, and improved passive and active ROM 
of IR and HA at post-intervention as well as at 10-min 
follow-up, similar to passive stretching. To the best of our 
knowledge, this is the first study to demonstrate that LC 
without passive stretching can decrease the uncomfortable 
stretch sensation, resulting in the improvement of passive 
and active ROM of IR and HA in individuals with poste-
rior shoulder tightness. This finding may help clinicians 
improve posterior shoulder extensibility for patients or 
sports players with posterior shoulder tightness, who have 
high stretch sensitivity and low PPT in the infraspinatus 
and posterior deltoid muscles. 

Our results are in agreement with a previous study 
that demonstrated that stretching with ice application 
provided better immediate improvement in hamstring 
flexibility than stretching with heat or stretching alone 
(Brodowicz et al., 1996). There are several explanations 

for ROM improvement after ice application. Based on 
sensory theory, modified stretch sensations and PPTs can 
improve a restricted ROM (Weppler and Magnusson, 
2010). Brodowicz et al. (1996) speculated that ice appli-
cation helped with the mild discomfort commonly felt at 
the end range of the stretch. In addition, the hypoalgesic 
effect of ice, known to increase PPT, reduce stretch sensi-
tivity (Anaya Terroba et al., 2010). In the present study, 
after LC, PPT significantly increased and stretch sensa-
tion significantly decreased at the end range of passive 
glenohumeral IR and HA, resulting in increased ROM. A 
second plausible explanation for ROM gains is physio-
logical reactions caused by LC. Surface application of LC 
decreases nerve conduction velocity and muscle spasm, 
and increases vascular response (Burke et al., 2001; 
Weston et al., 1994). However, LC in present study was 
performed for 3 minutes, while duration of several cryo-
therapy modalities in previous studies (varied from ice 
pack application to water immersion) was from 5 to 30 
minutes (Burke et al., 2001; Costello and Donnelly, 2010;

 
 

 
 
 

Figure 1. Covariate-adjusted value for ROM for passive and active glenohumeral IR and HA. * indicates significantly 
improved in intervention groups than those in the control group. ROM: range of motion, IR: internal rotation, HA: horizontal adduction. 
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Figure 2. Covariate-adjusted value for stretch sensation when performing passive IR and HA, and PPT for in-
fraspinatus and posterior deltoid muscles. * indicates significantly improved in intervention groups than those in the control 
group. IR: internal rotation, HA: horizontal adduction, PPT: pressure pain threshold. 

 
Dover and Powers, 2004). In present study, it is not clear 
whether 3 minutes of LC enough to change the vascular 
response and nerve conduction velocity. Hence, decreased 
stretch sensation via LC may be more influence on IR and 
HA ROM gains than vascular response and nerve conduc-
tion in present study. 

Previous studies have demonstrated that passive 
cross-body stretch increases the ROM of passive IR in 
individuals with posterior shoulder tightness, however, 
these studies did not investigate the stretch sensation or 
muscle stiffness after exercise (McClure et al., 2007; 
Manske et al., 2010). In the present study, passive cross-
body stretch decreased the uncomfortable stretch sensa-
tion, increased PPT, and improved ROM of IR and HA. 
The exact mechanism by which cross-body stretch im-
proved ROM is unknown (Nichols et al., 2012). It might 
inhibit the activation of posterior deltoid and infraspinatus 
muscles, and release the posterior capsule (Nichols et al. 
2012). Indeed, a previous study found that contract–relax 
stretching to release the glenohumeral horizontal abductor 
also immediately improved the ROM of passive IR (4.2° 
improvement) and HA (6.7° improvement) in individuals 
with posterior shoulder tightness; the authors speculated 
that the technique decreased stretch sensitivity which in 
turn improved the ROM (Moore et al., 2011). In our 
study, subjects showed an improved ROM of passive IR 
(6.4° improvement) and HA (6.2° improvement) and 
decreased stretch sensitivity at the end range of passive IR 
(27% reduction) and HA (27% reduction) after passive 
cross-body stretch. The LC group showed similar im-
provements in ROM of passive IR (7.8° improvement) 
and HA (8.9° improvement), and decreased stretch sensi-
tivity at the end range of passive IR (42% reduction) and 
HA (32% reduction). 

The effects of improved ROM, decreased stretch 
sensation, and increased PPT were significantly main-
tained in the LC group at the 10-min follow-up, similar to 
the stretching group. A previous study showed that in-
creased extensibility by muscle stretching greatly declined 
within 15 min (de Weijer et al., 2003). In the present 
study, no significant changes were observed at 10-min 
after stretching. However, how long the decreased stretch 
sensation resulting from LC lasts is unknown.  

This study has several limitations. First, our findings 
cannot be generalized to other populations because all 
subjects in our study were young. Second, we investigated 
the immediate effects of LC and stretching on joint ROM, 
and further long-term investigations are needed. Third, 
LC was applied for 3 min, which is a short duration, but 
sufficient to change the stretch sensation and PPT in a 
pilot test. Further study is necessary to investigate how 
long the effects of LC last. 
 
Conclusion 
 
LC immediately decreases stretch sensitivity and in-
creases PPT, resulting in the improvements of the ROM 
of IR and HA of the glenohumeral joint, similar to 
stretching in subjects with posterior shoulder tightness. 
LC can be an alternative method when individuals with 
posterior shoulder tightness have high stretch sensitivity 
and low PPT in the infraspinatus and posterior deltoid 
muscles. 
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Key points 
 
• Local cryotherapy (LC) decreased the uncomfort-

able stretch sensation, and increased the pressure 
pain threshold (PPT) of infraspinatus and posterior 
deltoid muscles in subjects with posterior shoulder 
tightness.  

• Decreased stretch sensation by LC without passive 
stretching could improve the passive and active 
ROM of internal rotation and horizontal adduction 
in subjects with posterior shoulder tightness, similar 
to cross-body stretch.  

• LC can be an alternative method to increase extensi-
bility when individuals with posterior shoulder 
tightness have high stretch sensitivity and low PPT 
in the infraspinatus and posterior deltoid muscles. 
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