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ABSTRACT
Background & Purpose: To determine 

if timing of glenohumeral joint mobiliza-
tions during treatment sessions has an effect 
on range of motion and functional out-
comes. Joint mobilization is a commonly 
implemented treatment by physical thera-
pists to increase active and passive range of 
motion and function. The role that timing 
of mobilization during treatment plays on 
range of motion and function, however, is 
unknown. Methods: A convenience sample 
of 8 subjects who were under the care of 
licensed physical therapists were recruited 
and randomly assigned to either an early or 
late mobilization group. Active and passive 
range of motion measurements and a sub-
jective functional questionnaire were taken 
at initial visit, 1-week, and 4-week follow-
up. Findings: Mann-Whitney U found no 
statistically significant results. However, 
the late mobilization group demonstrated 
a trend toward greater median change for 
functional outcome measure. Clinical Rel-
evance & Conclusion: Timing of joint 
mobilization did not produce a statistically 
significant difference in range of motion 
gains or functional scores. However, indi-
viduals receiving mobilization at the end 
of their treatment appeared to demonstrate 
a trend toward greater improvements in 
functional outcome scores. Further research 
needs to be conducted to confirm this trend.

Key Words: manual therapy, range of 
motion, function, shoulder

INTRODUCTION
Shoulder pain is a common medical ail-

ment and economic problem that affects 
6.9% to 26% of the population at any 
given time, and can affect up to 66.7% of 
individuals over a lifetime.1 Shoulder pain 
is ranked second only to back pain when 
looking at the prevalence of musculoskel-
etal conditions.2 The importance of devis-
ing an efficient and effective treatment plan 
is crucial in reducing the resultant burdens 
placed on the individual. Multiple shoulder 

pathoanatomical dysfunctions can contrib-
ute to various types of impairments. These 
impairments include pain, decreased range 
of motion (ROM), poor posture, and weak-
ness. All of these conditions can lead to an 
altered lifestyle. An individual may be lim-
ited with reaching overhead, lifting objects, 
or participating in community and work 
activities. Because of these limitations, 
multiple treatment approaches have been 
devised, ranging from surgical intervention, 
steroid injection, medication, and physi-
cal therapy. Within the realm of physical 
therapy, a wide variety of interventions can 
be administered to address the aforemen-
tioned impairments, one of which is joint 
mobilization.3,4

The Guide to Physical Therapist Prac-
tice defines joint mobilization as “a manual 
therapy technique comprising a continuum 
of skilled passive movements to the joints or 
related soft tissues (or both) that are applied 
at varying speeds and amplitudes, includ-
ing a small amplitude/high-velocity thera-
peutic movement.”5 Using manual therapy 
to mobilize a joint is a skilled technique 
widely used by therapists today. These mobi-
lizations can be used to treat a number of 
pathologies and may be applied to any joint 
throughout the human body. The supposi-
tion behind joint mobilization is increased 
joint mobility, decreased pain, and improved 
overall function.6,7 This has been confirmed 
through a number of studies that have found 
joint mobilizations to increase ROM,8,9 
increase strength of surrounding muscular 
tissues,10 decrease pain,8,10-14 and improve 
overall function.8,10

Despite favorable evidence regarding 
joint mobilizations for improving function, 
there are no standard recommendations 
regarding which specific joint, type of mobi-
lization, and more importantly, the timing 
of this manual therapy technique during the 
treatment session provides the greatest level 
of improvement. 

A recent case series recommended 
guidelines regarding which exercises and 
manual therapy techniques can be applied 

for subacromial impingement syndrome.2 
Researchers found that along with strength-
ening, joint mobilization to the glenohu-
meral, scapulothoracic and thoracic joints 
lead to improvement in function and an 
overall decrease in symptoms in patients 
with subacromial impingement syndrome.2 

When treating adhesive capsulitis, clini-
cal practice guidelines recommended joint 
mobilizations based off of weak evidence 
to help decrease pain and improve range of 
motion.15 In a systematic review, researchers 
found that although regularly performed, 
there was not enough high quality evidence 
to make specific recommendations regard-
ing the effectiveness of joint mobilizations 
in shoulder pathology.3 In a recent random-
ized controlled trial, it was found that con-
servative treatment combined with manual 
therapy leads to an improvement in ROM 
and function along with a decrease in pain 
in individuals with subacromial impinge-
ment syndrome.8 Finally, in a series of two 
kinematic studies, it was determined that 
individuals with shoulder impingement 
demonstrated increased glenohumeral supe-
rior translation, decreased scapular upward 
rotation, and increased sternoclavicular 
posterior rotation during arm elevation as 
compared to asymptomatic individuals.16,17 

These differences further support the use of 
joint mobilizations as an intervention for 
individuals with shoulder pain. In each of 
the cited research, there have been multiple 
techniques examined and all have shown 
varying degrees of effectiveness. 

One variable that has yet to be examined 
is the effect that timing of joint mobiliza-
tions may have on improvement in ROM, 
pain, and function. Anecdotal evidence 
based upon the Physical Stress Theory18 sug-
gests that if one actively uses a newly gained 
ROM after mobilization, that patient would 
maintain greater gains than those who do 
not continue to stress the newly lengthened 
tissues.

It was hypothesized that those individu-
als who received joint mobilizations early in 
the treatment session would demonstrate 
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greater long-term ROM improvements as 
compared to those individuals who received 
the same treatment at the end of their ses-
sion. Therefore, the purpose of this pilot 
study was to investigate the effect of early 
versus late joint mobilization on improving 
shoulder ROM in patients with shoulder 
pathology. Additionally, a secondary out-
come for this study was self-reported func-
tional limitation.

METHODS
Design

A prospective, multiple session, repeated 
measures between subjects design using 
patients with shoulder pain in an outpatient 
physical therapy setting.

  
PARTICIPANTS

The data was collected and participants 
were recruited by physical therapists (PTs) 
who were a part of a St. Luke’s University 
Health Network. A total of 10 data collec-
tors aided in data collection, including the 
authors of this paper. Selection criteria for 
PTs were as follows: (1) PTs licensed in 
the state of Pennsylvania, and (2) currently 
employed by St. Luke’s Physical Therapy. 
Data collectors ranged in years of clini-
cal practice from one to 19 and included 
3 current orthopaedic physical therapy 
residents, one board-certified sports clini-
cal specialist, 5 board-certified orthopaedic 
clinical specialists, and one fellow of the 
American Academy of Orthopaedic Physical 
Therapists. 

A convenience sample of consecutive 
patients presenting for PT consultation 
with a chief complaint of shoulder problems 
was recruited from the outpatient physical 
therapy clinics of St. Luke’s Physical Therapy 
from March 2014 to September 2014. For 
inclusion and exclusion criteria, see Table 
1. Subjects that were found to require refer-
ral to another medical professional were 
provided with the appropriate referral and 
excluded from the study. Also, those indi-
viduals whose symptoms did not originate 
from the shoulder, were less than 18 years of 
age, and were unable to complete functional 
questionnaire were excluded from the study.

 
INSTRUMENTATION

The Focus On Therapeutic Outcomes 
(FOTO)19 scale is a computerized adaptive 
test (CAT) that is administered using an 
iPad (iPad 2, Apple, Cupertino, CA), and 
all PTs have access to this survey at the St. 
Luke’s Physical Therapy clinics. A CAT is 
a form of test that adapts to the examinee’s 

functional ability level using computer tech-
nology and measurement theory to increase 
the efficiency of the exam process. The CAT 
has been shown to be a valid measure of 
function for outpatient physical therapy.19-21 

More specifically, CAT has been shown to 
demonstrate good construct validity and 
responsiveness for patients with shoulder 
complaints.22,23

Each participant underwent a physical 
examination performed by a licensed PT. 
During this examination, an assessment of 
active and passive shoulder ROM,24-26 along 
with joint mobility of the glenohumeral 
joint, scapulothoracic joint, thoracic spine, 
and other indicated joints was performed. 
Goniometry is the most widely used mea-
surement tool for PTs to determine changes 
in ROM.25 This type of measurement has 
demonstrated fair-good reliability with 
regards to intra- and interrater reliabil-
ity (interrater Rho= 0.64-0.69, intrarater 
Rho=0.53-0.65).24,27,28 Acceptable intrarater 
reliability has been found for both standing 
and supine abduction and external rotation 
ROM, and supine passive abduction, flex-
ion, and external rotation ROM.29 Shoulder 
active ROM was assessed using standard 
goniometric positioning for shoulder flexion 
and abduction.30 Composite internal rota-
tion was performed by having the patient 
reach behind his back and determine the 
thumb position on the vertebrae.31-33 Com-
posite shoulder external rotation was per-
formed by the individual reaching over his 
head and as far down on the spine as able 
and then the 3rd digit position on the ver-
tebra was recorded.34 These methods of 

assessing active ROM have demonstrated 
acceptable reliability for all of the afore-
mentioned conditions. Shoulder flexion 
and functional internal rotation have good 
intraclass coefficient (ICC) scores (intrarater 
ICC = 0.62, interrater ICC = 0.65, intra-
rater ICC = 0.91, interrater ICC = 0.80), 
respectively. Shoulder composite external 
rotation has a moderate kappa score (κ = 
.73). Shoulder abduction and external and 
internal rotation demonstrated low ICC 
scores (intrarater ICC = 0.35, interrater not 
tested; intrarater ICC = 0.43, interrater ICC 
= 0.11; intrarater ICC = 0.32, interrater 
ICC = 0.06), respectively.32,34 Passive ROM 
was assessed in supine positioning for shoul-
der flexion, abduction, and internal and 
external rotation as described by Norkin and 
White.30 Internal and external rotation was 
measured with the arm elevated to 90° of 
abduction. These methods of measurement 
have demonstrated good reliability with 
the intra-examiner ICC values = 0.98, and 
inter-examiner ICC values that range from 
0.87 to 0.89 for shoulder flexion.26

PROCEDURES
Physical therapists from 18 St. Luke’s 

Physical Therapy clinics were recruited to 
collect data from an interoffice memo and 
through personal discussion with the inves-
tigators. Those who agreed to collect data 
were educated on data collection methods, 
provided with data collection tools, and the 
primary investigator maintained regular 
contact with the data collectors monthly. 
Interrater reliability of examiners was estab-
lished prior to commencement of the study 

    
Inclusion Criteria Exclusion Criteria

≥ 18 years of age < 18 years of age

20° side to side range of motion difference Pain or symptoms distal to the elbow

Diagnosis of shoulder pathology Acute upper extremity fracture

 Glenohumeral joint hypermobility

 PMH of hemiparesis or peripheral nerve injury
 affecting the upper extremity 

 Active/passive cervical range of motion reproduces
 shoulder pain

 Positive Spurling’s test

 Not fluent in English

 Unable to complete Focus on Therapeutic
 Outcomes (FOTO)

The above table indicates the inclusion and exclusion criteria that were used in the present study. 

Table 1. Inclusion and Exclusion Criteria
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and found to be within the range of pub-
lished studies of measurement of shoulder 
ROM.24,27,28,31-34 Convenience sampling was 
used to recruit subjects for this pilot study.

 
Initial Visit

As a patient at one of the selected out-
patient clinics and upon presentation to the 
initial evaluation for shoulder pathology, the 
subject was told, “We are currently doing a 
study to look at when in the session it is best 
to perform joint mobilizations. No changes 
to the content of your therapy will be made 
regardless of participation in this study. 
Would you be willing to participate?” If the 
patient declined, the request was logged. If 
he agreed, the subject was provided with the 
informed consent form by the primary PT 
and consent was obtained. The informed 
consent form was approved by St. Luke’s 
University Health Network’s Institutional 
Review Board prior to initiation of this pilot 
study. The participant then took the FOTO 
questionnaire to establish a baseline sub-
jective score. This score was then recorded 
for later analysis. The FOTO was used to 
establish demographic values of number of 
co-morbidities, age, and gender. The pri-
mary PT then selected the next research 
packet that included participate number and 
assigned group of intervention (Figure 1).

The primary PT then completed the 
history and screening exam to determine 
inclusion or exclusion of the subject. Sub-
jects were excluded if they met any of the 
exclusion criteria in Table 1, which is similar 
to other studies investigating patients with 
shoulder pain.2 Examination findings were 
then recorded and if he met all inclusion 
criteria and demonstrated none of the exclu-
sion criteria, the participant continued in 
the study. 

Next, pain patterns were determined and 
discussed. First, the “at rest” level of pain was 
established, and then the “at worst” level of 
pain using the Visual Pain Rating Scale. Pain 
patterns over the past week were also investi-
gated. Then, a physical therapy examination 
continued, ensuring that baseline shoulder 
ROM measurements were obtained. Spe-
cifically, shoulder active ROM was assessed 
using a standard goniometer in a standing 
position for shoulder flexion (sagittal plane), 
and abduction (frontal plane).24 Composite 
internal rotation of the shoulder complex 
was assessed by reaching the thumb behind 
the back and recording the highest spi-
nous process level reached.25,26 Composite 
external rotation of the shoulder complex 
was assessed by reaching over the head and 

recording the lowest spinous process level 
reached.

Passive ROM was measured with a 
standard goniometer in a supine position, 
using the methods described by Norkin 
and White31 for shoulder flexion (sagittal 
plane), abduction (frontal plane), and gle-
nohumeral internal and external rotation 
with shoulder elevated to 90° of abduction. 
The primary measurements included passive 
shoulder abduction and external rotation. 
All other measurements were assessed at ini-
tial examination and then at the termination 
of the study at the 4-week follow-up. After 
establishing a baseline ROM assessment, 
the therapist assessed joint mobility of the 
glenohumeral joint, and associated regions 
as indicated by the treating therapist. Then, 
the therapist used her professional judg-
ment to determine which joint mobilization 
techniques were appropriate for the patient 
at that time. Those mobilizations may have 
included inferior, anterior and/or posterior 
glenohumeral joint mobilizations, poste-
rior-to-anterior thoracic glides or thoracic 
thrust techniques, posterior-anterior glides, 
side glides, upper cervical mobilization, and 
thrust mobilizations for the cervical spine. 
This is considered a standard of practice and 
the quality of care was not affected. After 
initial assessment, the patient was then seen 
in the clinic for a reassessment of the out-
come measurements at week 1 and week 
4. On subsequent sessions, the same pro-
tocol was followed as the follow-up visits 
(below), but repeated measurements were 
not performed. 

Follow-up Visits
Follow-up measurements were recorded 

at 1-week and 4-week time intervals. Follow-
up consisted of subjects initially completing 
the FOTO. The session then began with an 
active warm up, which consisted of either 
use of pulleys or an upper body ergom-
eter. After cessation of the active warm-up, 
depending on the group they were assigned 
to, joint mobilizations were performed 
immediately, or at the end of the treatment 
session. The treatment session consisted of 
therapeutic and neuromuscular re-education 
exercises that the authorizing therapist felt 
appropriate based off of the initial assess-
ment (see Figure 1).

In order for subjects to be eligible for 
follow-up assessment at 1 week, they were 
required to have been through a minimum 
of two treatment sessions within that week. 
In order for subjects to be eligible for follow 
up assessment at 4 weeks, they needed to 

 

Subject	  

Random	  assigment	  to	  group	  

Letter	  A	  
(Mobilization	  at	  beginning	  of	  

session)	  

5-‐10	  minute	  warm-‐up	  

AROM	  Measured	  
PROM	  Measured	  

Mobilizations	  
Followed	  by	  ROM	  
Measurements	  

Treatment	  Session	  

AROM	  Measured	  
PROM	  Measured	  

Patient	  Education	  

HEP	  

F/U	  Session:	  
Repeat	  Process	  Beginning	  with	  

AROM	  and	  PROM	  
measurements,	  followed	  by	  

warm-‐up	  

Letter	  B	  
(Mobilization	  at	  end	  of	  

session)	  

5-‐10	  minute	  warm-‐up	  

AROM	  Measured	  
PROM	  Measured	  

Treatment	  Session	  

ROM	  Measurements	  Followed	  
by	  Mobilizations	  

AROM	  Measured	  
PROM	  Measured	  

Patient	  Education	  

HEP	  

F/U	  Session:	  
Repeat	  Process	  Beginning	  with	  

AROM	  and	  PROM	  
measurements,	  followed	  by	  

warm-‐up	  

Figure 1. Subject recruitment, flow 
of initial and follow-up visits.
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have participated in a minimum of 6 treat-
ment sessions within those 4 weeks.

If subjects failed to meet the minimum 
treatment session requirement, they were 
removed from the study and all subsequent 
statistical analyses. All data was recorded 
on a computerized spreadsheet on a secure, 
password-protected server. All patient infor-
mation was de-identified.

 
RESULTS

A total of 31 individuals were screened 
to participate in the study. Of the 31 
screened, 8 individuals met the inclusion 
criteria and were included in the study (4 
males, 4 females, age range 40-89, median 
age = 64 years) and were randomly assigned 
to a group. A total of 23 individuals were 
excluded from the study—3 for having 
symptoms distal to the elbow, 1 for having 
an acute upper extremity fracture, 1 second-
ary cervical motion reproducing shoulder 
pain, 2 for not being fluent in English, 8 
for having acute shoulder surgery, and 8 
for having less than a 20° ROM difference 
between the affected and non-affected side 
in flexion, abduction, or external rotation. 

Both the early mobilization and late 
mobilization treatment groups had 4 sub-
jects, demographic differences between 
groups can be seen in Table 2. Each group 
contained two males and two females, the 
early mobilization group had a median age 
of 68 years and the late mobilization group 
had a median age of 61 years. The acuity 
of symptoms for each group can be found 
in Table 3. The early mobilization group 
had a median fear avoidance score of 18.5 
compared to 6.5 of the late mobilization 
group. When comparing the early mobiliza-
tion group to the late mobilization group, 
the median body mass indexes (BMI) were 
39.6 and 29.2 respectively. Each group had 
one subject that chose not to disclose infor-
mation needed to calculate BMI. The early 
mobilization group reported a median of 
5 co-morbidities on FOTO compared to 
a median of 5.5 co-morbidities for the late 
mobilization group. 

To test the hypothesis, a Mann-Whit-
ney U test was used to analyze ROM and 
functional outcomes secondary to having 
non-parametric data and a small sample size 
(Table 4). Between groups, there was no sta-
tistical significance for active flexion, abduc-
tion, internal rotation, or external rotation 
(p = .05, critical value = 1). Furthermore, 
there was no statistical significance between 
groups in passive flexion, abduction, or 
external rotation ranges of motion (p = .05, 

    

    

Table 2. Patient Demographics

Table 3. Symptom Acuity

 A B

Subjects (n) 4 4

Males 2 2

Females 2 2

Median age (range) 68 (54-89) 61 (40-72)

Above demonstrated the demographic break down between the two different groups, 
A=early mobilization, B=late mobilization. 

Group 8-14 days 22-90 days 91 days-6 months

A 2 subjects 2 subjects 0 subjects

B 1 subject 1 subject 2 subjects

Above demonstrates the symptom acuity between group A=early mobilization and group 
B=late mobilization group. 

critical value = 1). Median active and passive 
range of motion scores for the early and late 
mobilization groups can be found in Table 
5. The late mobilization group had greater 
4-week functional outcome gains (23 
points, range 8-30 points) compared to the 
early mobilization group (14 points, 9-28 
points). Each individual in either group did 
demonstrate at least an 8-point functional 
score change. However, these changes were 
not found to be statistically significant.

DISCUSSION
This is the first study to directly compare 

the effects of joint mobilization treatment 
timing to changes in ROM and self-reported 
functional outcomes. Anecdotal evidence 
based upon the Physical Stress Theory18 sug-
gests that if one actively uses a newly gained 
ROM after mobilization, that patient would 
maintain greater gains than those who did 
not continue to stress the newly length-
ened tissues. Considering this evidence, we 
hypothesized that individuals receiving joint 
mobilization early in the treatment session 
would demonstrate better long-term ROM 
improvements as compared to individuals 
who received the same treatment at the end 
of their session.

The present study results demonstrate 
an early trend toward contradicting our 
hypothesis since there were no statisti-
cally significant changes between groups 
in regard to ROM at the 1-week and 
4-week follow-up. There were also no 
statistically significant changes between 
groups in regard to self-reported functional 

status (FOTO) at the 1-week and 4-week 
follow-up.

However, there appeared to be an early 
trend towards significance for the late mobi-
lization group in regard to ROM. This trend 
can potentially be explained by the amount 
of warm-up time. In this study, we used a 
10-minute warm-up as the standard. To 
our knowledge, there is no current evidence 
looking at warm-up time and its effect on 
joint mobilization, which presents an idea 
for future research. Those individuals in the 
late mobilization group may have received 
more adequate tissue warm-up prior to the 
joint mobilizations. The increased tissue 
extensibility allowed for greater ROM gains 
both during and between sessions, which 
would potentially explain the trend that was 
found. The late mobilization group was able 
to complete a 10-minute warm-up, followed 
by a full therapeutic exercise regimen.

The difference in warm-up time may also 
help explain the change in functional out-
come that was observed. Those individuals 
in the late mobilization group had a trend 
toward greater gains in ROM directly at 
the end of the session, leading to an overall 
greater perceived functional improvement 
immediately following each session. This 
trend will be explained in more detail later 
in this discussion. Future researchers should 
consider using a longer length of warm-up. 
An active warm-up of 10 to 15 minutes 
may be most appropriate to improve tissue 
extensibility.35

As previously mentioned, another 
trend that the findings of our current study 
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revealed is that late mobilization has a 
greater impact on self-reported functional 
outcome (FOTO) gains compared to early 
mobilization at a 4-week follow-up (increase 
of 23, increase of 14, respectively). The 
mean difference between groups demon-
strated a 9-point improvement in the later 
mobilization group over the early mobiliza-
tion group. While the between group differ-
ences did not reach statistical significance, 
the very small sample size of this pilot study 
results in a critical value that is extremely 
challenging to attain in the comparison of 
two clinically accepted interventions. The 
underlying challenge for future studies is 
to determine whether or not this seemingly 
large numerical change is larger than that of 
the overall population resulting in a clini-
cally significant difference, or if the change 
is actually smaller, resulting in no significant 
difference.

Due to variability of subject-specific 
impairments, it was decided that there 
would not be specific joint mobilizations 
that each participant was to receive. This 
decision was made due to current practice 
standard, as each patient is evaluated indi-
vidually. Data collectors were instructed to 
provide intervention to each patient based 
upon that patient’s specific impairments. 
There are both pros and cons to this decision. 
First, the fact that no standardization was 
given in regard to mobilization technique 
could be considered a positive as it allowed 
for each subject to receive the mobilization 
procedures specific to his or her needs, theo-
retically allowing for the most improvement 
possible. In turn, the result would have pro-
vided more generalizability to other patients 
with shoulder pain. 

At the same time, the decision to use 
non-standardized mobilization techniques 
may have prevented us from finding a statis-
tically significant effect. Some subjects may 
have received only glenohumeral mobiliza-
tion, some may have only received thoracic 
mobilization, and some may have received 
a combination. Therefore, our results may 
have been different depending on which 
mobilization techniques were being used. 
Tate et al2 performed a case series where they 
standardized which specific joints should be 
targeted when performing joint mobiliza-
tions. In a systematic review, 6 studies that 
met the inclusion criteria combined joint 
mobilizations with therapeutic exercises. All 
of the studies but one did not have a stan-
dardization of joint mobilizations; they were 
simply applied to the glenohumeral joint.3 A 
majority of the studies looking at efficiency 

    
Active flexion U1 U2

IE A vs B 9 7

IE vs Pre mobs 12.5 15.5

Pre vs Post 1st time; A 9 12

Pre vs Post 1st time; B 2 14

Pre vs Post 2nd time, A 7 9

Pre vs Post 2nd time, B 6 10

IE vs final 5.5 10.5

Active Abduction

 U1 U2

IE A vs B 21 15

IE vs Pre mobs 21 15

Pre vs Post 1st time; A 20.5 15.5

Pre vs Post 1st time; B 21.5 14.5

Pre vs Post 2nd time, A 18.5 17.5

Pre vs Post 2nd time, B 19.5 16.5

IE vs final 8 8

Passive Flexion

 U1 U2

IE A vs B 12.5 7.5

IE vs Pre mobs 8 8

Pre vs Post 1st time; A 5.5 10.5

Pre vs Post 1st time; B 5 11

Pre vs Post 2nd time, A 6.5 9.5

Pre vs Post 2nd time, B 4.5 11.5

IE vs final 5 11

Passive Abduction

 U1 U2

IE A vs B 8 8

IE vs Pre mobs 5 11

Pre vs Post 1st time; A 5.5 10.5

Pre vs Post 1st time; B 5 11

Pre vs Post 2nd time, A 7 9

Pre vs Post 2nd time, B 6.5 9.5

IE vs final 6 10

Passive ER

 U1 U2

IE A vs B 11 5

IE vs Pre mobs 7 9

Pre vs Post 1st time; A 7.5 8.5

Pre vs Post 1st time; B 13 3

Pre vs Post 2nd time, A 5.5 10.5

Pre vs Post 2nd time, B 6 10

IE vs final 2 14

Above are the U values found between the varying groups. IE means initial evaluation, ER means
external rotation, A means early mobilization group, and B means late mobilization group. All 
values had a critical value of 1 to achieve statistical significance. 

Table 4. Mann-Whitney U Data
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of joint mobilizations in adhesive capsulitis 
had varying protocols, with no specific joint 
mobilizations.4 In the end, the majority of 
the research literature has looked at the effect 
that mobilizations play on the glenohumeral 
joint only. Therefore, that is why we suggest 
choosing specific joints that mobilizations 
should be applied to during this study.

Another possibility for the lack of statis-
tically significant findings is the time of fol-
low-up. The length of follow-up was 1 week 
and 4 weeks from the initial evaluation. It 
is possible that the 4-week follow-up time 
frame was too short to show significance 
within or between groups. In this case, a 
question of concern is brought forth, as to 
whether a 12-week (3-month) follow-up 
should be added, or discharge from skilled 
physical therapy be considered as a more 
appropriate final follow-up. It should be 
considered that even though a 4-week fol-
low-up was chosen, this time frame may not 
have been significant enough to show a true 
change in ROM or self-reported functional 
outcome. By extending the length of the 
follow-up or until the patient is discharged 
from care, investigators may have greater 
ability to discover the possibility of statistical 
significance. Therefore, we are recommend-
ing that future researchers heavily consider a 
longer follow-up time frame.

A total of 10 clinicians volunteered to 

collect data for the study over a 6-month 
time frame. However, only 6 of the vol-
unteers were able to either collect data for 
the study or exclude subjects. For future 
studies, the length of the data collection 
period should be increased to allow for the 
possibility of a larger sample size. Second-
ary to investigators finding a 40% change 
in median functional scores between the 
two groups, it is recommended that future 
investigators use a sample size of 32 subjects 
to show adequate power and statistical sig-
nificance (α = 0.05, β = 0.8, SD = 1.4). For 
this pilot study, a total of 8 subjects were 
included over a 6-month time frame. As a 
result, the total length of future studies may 
need to be 24 months to recruit the proper 
number of subjects. Also, improving the 
incentives for data collectors or subjects (as 
there were none) may be considered, thus 
generating more interest.

Considering our exclusion criterion and 
its effect on the elimination of subjects, a 
total of 8 subjects were eliminated secondary 
to acute shoulder surgery. For future stud-
ies, researchers should consider including 
joint mobilizations for individuals recently 
undergoing shoulder surgery between 6 to 
12 weeks postoperatively. The main concern 
while performing joint mobilizations fol-
lowing a surgical intervention is disrupting 
the surgical procedure/fixation. According 

to Muraki et al,36 glenohumeral distraction, 
anterior translation, and posterior transla-
tion glides had no significant alteration onto 
the stresses placed on a repaired supraspina-
tus tendon. However, clinicians need to take 
into account the specific patient postopera-
tive guidelines and continue to adhere to the 
limitations set forth by those postoperative 
guidelines. Thus, inclusion of appropriate 
patients who underwent a surgical proce-
dure would likely increase the number of 
subjects included in future studies. 

However, researchers would need to con-
sider a multitude of factors before including 
postsurgical subjects in the study. As previ-
ously mentioned, patient-specific postop-
erative guidelines need to be considered to 
ensure that joint mobilizations are safe at the 
selected time frame in the rehabilitative pro-
cess. Furthermore, it may be difficult to truly 
assess the change joint mobilizations had on 
ROM or function following a surgical pro-
cedure. It is the authors’ opinion based off 
of clinical experience that ROM and func-
tional gains are more of a result of acute 
tissue healing than timing of interventions 
within a single treatment session as patients 
progressed through postoperative rehabilita-
tion. Because of this, it may be difficult to 
determine what gains were made secondary 
to joint mobilizations versus tissue healing 
following surgery.

    
  IE 1 week 1 week 4 week 4 week
   pre-mobilization post-mobilization pre-mobilization post-mobilization

Active Flexion Group A 138.5° 150° 165° 156.5° 150°

 Group B 135° 152.5° 159° 155° 156.5°

Active Abduction Group A 107.5° 122.5° 140° 142.5° 147.5°

 Group B 132.5° 145° 153.5° 160° 168.5°

Active IR† Group A N/A 0.5 0.5 2 1

 Group B N/A -0.5 0 0.5 1.5

Active ER† Group A N/A 0.5 0 0 0

 Group B N/A -0.5 0 0 0.5

Passive Flexion Group A 150° 167.5° 172.5° 165° 167.5°

 Group B 140° 160° 165° 156.5° 162.5°

Passive Abduction Group A 137.5° 150° 167.5° 165° 170°

 Group B 160° 147° 156° 165°° 170.5°

Passive ER Group A 80° 90° 90° 75° 77.5°

 Group B 60° 75° 81° 86.5° 89°

The above table provides the median range of motion in degrees or spinal segment level (†) change. Group A is the early mobilization group.
Group B is the late mobilization group. 
Abbreviations: IE, initial evaluation; IR, internal rotation; ER, external rotation.  

Table 5.  Range of Motion Data
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A total of 8 subjects were excluded from 
the study secondary to not having a 20° 
ROM difference side-to-side. Tate et al2 
demonstrated that a total difference of 10° 
is adequate enough to demonstrate a ROM 
difference from side-to-side. For the pur-
pose of this study, we attempted to capture 
individuals with larger ROM differences to 
demonstrate a significant change in ROM. 
However, future researchers should con-
sider changing inclusion criteria from a 20° 
ROM difference to a 10° ROM difference to 
capture more individuals for the study that 
would benefit from joint mobilizations.

When comparing acuity of symptoms, 
co-morbidities, fear, and BMI between 
groups, the late mobilization group 
appeared to have symptoms of a longer 
duration, relatively the same amount of co-
morbidities as the early mobilization group, 
lower fear-avoidance scores, and lower BMI 
scores compared to the early mobilization 
group. The median range of symptoms for 
the early mobilization group was 15 to 52 
days compared to 56.5 to 135 days for the 
late mobilization group. Because there were 
no statistical differences between groups, 
acuity of symptoms may not have played a 
role related to ROM changes. However, the 
trend towards greater functional outcomes 
with the late mobilization group compared 
to the early mobilization may be related to 
chronicity of symptoms. It is the authors’ 
opinion that individuals with a longer dura-
tion of symptoms may have reported greater 
increases in function secondary to returning 
to activities they have been unable to par-
ticipate in for a longer period of time. This 
factor may have contributed to patients per-
ceived levels of improvement, regardless of 
tissue histological factors.

When analyzing the effect fear has on 
individuals and their functional outcomes, 
Leeuw et al37 demonstrated when fear of 
pain and other psychological factors are 
not perseverated on by patients, clinicians 
should expect a normal recovery. However, 
when elevated fear levels are present, avoid-
ance behaviors may occur, which could result 
in decreased functional levels secondary to 
pain.37 Because of this, the lower fear avoid-
ance scores of the late mobilization group 
may have contributed to increased levels of 
function as demonstrated on FOTO.

According to the World Health Orga-
nization Body Mass Index classification, 
individuals from the late mobilization group 
were classified as overweight whereas the 
early mobilization group was classified as 
morbidly obese. It should be noted though 

that one individual from each group chose 
not to disclose information needed to cal-
culate their BMI. However, Racette el al38 

has discussed that obesity is related to a 
decreased aerobic capacity that also is likely 
to decrease function in patients. Although 
our subjects were randomly assigned to 
groups, the differences in obesity classifica-
tion between groups may have contributed 
to the greater functional outcomes for the 
late mobilization group.

LIMITATIONS
There are several limitations to this study. 

First, as this was a pilot study, the sample 
size was intentionally small (8 subjects). All 
subjects were older than the average age of 
the general population of patients present-
ing to physical therapy for orthopaedic diag-
noses in the same health system. As such, 
the generalizability of the findings may be 
questioned.

Second, a large exclusion criterion had 
a significant effect on reducing the size 
of the sample. A total of 23 subjects were 
eliminated from the study prior to initial 
measurements for having met at least one 
of the exclusion criteria. Third, the joint 
mobilization techniques used in this study 
were not standardized. However, despite the 
amount of evidence regarding joint mobili-
zations for improving function, there are no 
standard recommendations regarding which 
specific type of mobilization should be used. 
Because of this, individuals received mobi-
lizations based upon clinician judgment to 
improve current impairments. Fourth, the 
subjects included in this study were selected 
based upon a sample of convenience.

Based on the size and exclusivity of the 
sample, and the limited conclusions regard-
ing timing of joint mobilization and its effect 
on ROM and self-reported function, further 
investigation of the methods is required 
using larger and more diverse populations.

 
CONCLUSION

This pilot study did not demonstrate 
that timing of mobilization has a statisti-
cally significant difference in the improve-
ment of active or passive ROM. However, 
the group of subjects who received mobiliza-
tions at the end of their treatment session 
did demonstrate a trend towards improved 
self-reported functional status compared 
to those who received mobilizations early 
in their treatment session. Future studies 
should consider including a greater number 
of subjects, involving subjects that have a 
ROM difference of 10° compared to 20°, 

and limit joint mobilizations only to the 
glenohumeral joint in order to determine if 
there is a difference in mobility and function 
based upon intra-session timing of mobiliza-
tions. In addition, consideration should be 
given to the limitations that existed within 
this study, attempting to minimize them in 
order for the findings to be applicable to the 
general population across the lifespan. 

REFERENCES

1. Luime JJ, Koes BW, Hendriksen IJ, et 
al. Prevalence and incidence of shoul-
der pain in the general population; a 
systematic review. Scand J Rheumatol. 
2004;33(2):73-81.

2. Tate AR, McClure PW, Young IA, Sal-
vatori R, Michener LA. Comprehensive 
impairment-based exercise and manual 
therapy intervention for patients with 
subacromial impingement syndrome: 
A case series. J Orthop Sports Phys Ther. 
2010;40(8): 474-493.

3. Brudvig TJ, Kuklarni H, Sha S. The 
effect of therapeutic exercise and 
mobilization on patients with shoulder 
dysfunction: A systematic review with 
meta-analysis. J Orthop Sports Phys Ther. 
2011;41(11): 734-738.

4. Stryf F, Hertogh WD, Gulinck J. 
Evidenced-based treatment meth-
ods for the management of shoul-
der impingement syndrome among 
dutch-speaking physiotherapists: An 
online, web-based survey. J Manip Ther. 
2012;35(9):720-726.

5. American Physical Therapy Association. 
Guide to Physical Therapist Practice. 2nd 
ed. Alexandria, VA: American Physical 
Therapy Association; 2001.

6. Roubal PJ, Dobritt D, Placzek JD. 
Glenohumeral gliding manipulation fol-
lowing interscalene brachial plexus block 
in patients with adhesive capsulitis. J 
Orthop Sports Phys Ther. 1996;24:66-77.

7. Vermeulen HM, Obermann WR, 
Burger BJ, Kok GJ, Rozing PM, van 
Den Ende CH. End-range mobilization 
techniques in adhesive capsulitis of the 
shoulder joint: a multiple-subject case 
report. Phys Ther. 2000;80:1204-1213.

8. Senbursa G, Baltaci G, Atay A. Com-
parison of conservative treatment with 
and without manual physical therapy 
for patients with shoulder impingement 
syndrome: a prospective, randomized 
clinical trial. Knee Surg Sports Traumatol 

166 Orthopaedic Practice Vol. 27;3:15



Arthrosc. 2007;15:915-921.
9. Lin HT, Hsu AT, An KN, et al. Reli-

ability of stiffness measured in glenohu-
meral joint and its application to assess 
the effect of end-range mobilization in 
subjects with adhesive capsulitis. Man 
Ther. 2008;13:307-316.

10. Bang MD, Deyle GD. Compari-
son of supervised exercise with and 
without manual physical therapy for 
patients with shoulder impingement 
syndrome. J Orthop Sports Phys Ther. 
2000;30:126-137.

11. Di Fabio RP, Boissonnault W. Physical 
therapy and health-related outcomes 
for patients with common orthopaedic 
diagnoses. J Orthop Sports Phys Ther. 
1998;27(3):219-230.

12. Conroy DE, Hayes KW. The effect of 
joint mobilization as a component of 
comprehensive treatment for primary 
shoulder impingement syndrome. J 
Orthop Sports Phys Ther. 1998;28:3-14.

13. Bergman GJ, Winters JC, Groenier 
KH, et al. Manipulative therapy in 
addition to usual care for patients with 
shoulder complaints: Results of physical 
examination outcomes in a randomized 
controlled trial. J Manip Physiological 
Therape. 2010;33(2):96-101.

14. Teys P, Bisset L, Vicenzino B. The initial 
effects of a Mulligan’s mobilization 
with movement technique on range of 
movement and pressure pain threshold 
in pain-limited shoulders. Man Ther. 
2008;13:37-42.

15. Kelley MJ, Shaffer MA, Kuhn JE, et 
al. Shoulder pain and mobility deficits: 
Adhesive capsulitis. Clinical practice 
guidelines linked to the international 
classification of functioning, disability, 
and health from the orthopaedic sec-
tion of the American physical therapy 
association. J Orthop Sports Phys Ther. 
2013;43(5):A1-A31.

16. Lawrence RL, Braman JP, Staker JL, et 
al. Comparison of 3-dimensional shoul-
der complex kinematics in individuals 
with and without shoulder pain, part 1: 
Sternoclavicular, acromioclaicular, and 
scapulothoracic joints. J Orthop Sports 
Phys Ther. 2014;44(9):636-645.

17. Lawrence RL, Braman JP, Staker JL, et 
al. Comparison of 3-dimensional shoul-
der complex kinematics in individuals 
with and without shoulder pain, part 

2: Glenohumeral joint. J Orthop Sports 
Phys Ther. 2014;44(9):646-655.

18. Mueller MJ, Maluf KS. Tissue 
adaptation to physical stress: a pro-
posed "Physical Stress Theory" to 
guide physical therapist practice, 
education, and research. Phys Ther. 
2002;82(4):383-403.

19. Hart DL. The power of outcomes: 
FOTO Industrial Outcomes Tool -- Ini-
tial assessment. Work. 2001;16(1):39-51.

20. Dobrzykowski EA, Nance T. The Focus 
On Therapeutic Outcomes (FOTO) 
outpatient orthopedic rehabilitation 
database: results of 1994-1996. J Rehabil 
Outcomes Measurement. 1997;1:56-60.

21. Atkinson HL, Nixon-Cave K. A tool 
for clinical reasoning and reflection 
using the international classification of 
functioning, disability and health (ICF) 
framework and patient management 
model. Phys Ther. 2011;91(3):416-430.

22. Hart DL, Wang YC, Cook KF, Mio-
duski JE. A computerized adaptive test 
for patients with shoulder impairments 
produced responsive measures of func-
tion. Phys Ther. 2010;90(6):928-938.

23. Shah KC, Rajshekhar V. Reliability of 
diagnosis of soft cervical disc prolapse 
using Spurling’s test. Br J Neurosurg. 
2004;18:480-483.

24. Wang YC, Hart DL, Cook KF, Mio-
duski JE. Translating shoulder com-
puterized adaptive testing generated 
outcome measures into clinical practice. 
J Hand Ther. 2010;23(4):372-382; quiz 
383.

25. Hayes K, Walton JR, Szomor ZR, Mur-
rell GA. Reliability of five methods for 
assessing shoulder range of motion. Aust 
J Physiother. 2001;47(4):289-294.

26. Gajdosik RL, Bohannon RW. Clini-
cal measurement of range of motion. 
Review of goniometry emphasizing 
reliability and validity. Phys Ther. 
1987;67(12):1867-1872.

27. Riddle DL, Rothstein JM, Lamb RL. 
Goniometric reliability in a clinical set-
ting. Shoulder measurements. Phys Ther. 
1987;67(5):668-673.

28. van de Pol RJ, van Trijffel E, Lucas C. 
Inter-rater reliability for measurement of 
passive physiological range of motion of 
upper extremity joints is better if instru-
ments are used: a systematic review. J 
Physiother. 2010;56(1):7-17.

29. Williams JG, Callagan M. Comparison 
of visual estimation of goniometry in 
determination of a shoulder joint angle. 
Physiotherapy. 1990;76:655-657.

30. Muir SW, Corea CL, Beaupre L. 
Evaluating change in clinical status: 
reliability and measures of agreement for 
the assessment of glenohumeral range 
of motion. N Am J Sports Phys Ther. 
2010;5(3):98-110.

31. Norkin CC, White DJ. Measurement of 
Joint Motion: A Guide to Goniometry. 3rd 
ed. Philadelphia: F.A. Davis; 2003.

32. Green S, Buchbinder R, Forbes A, Bel-
lamy N. A standardized protocol for 
measurement of range of movement of 
the shoulder using the Plurimeter-V 
inclinometer and assessment of its intra-
rater and interrater reliability. Arthritis 
Care Res. 1998;11(1):43-52.

33. Nomden JG, Slagers AJ, Bergman GJ, 
et al. Interobserver reliability of physical 
examination of shoulder girdle. Man 
Ther. 2009;14:152-159

34. Hoving JL, Buchbinder R, Green S, 
et al. How reliably do rheumatologists 
measure shoulder movement? Ann 
Rheum Dis. 2002;61(7):612-616.

35. Stewart IB, Sleivert GG. The effect of 
warm-up intensity on range of -motion 
and anaerobic performance. J Orthop 
Sports Phys Ther. 1998;27(2): 154-161.

36. Muraki T, Aoki M, Uchiyama E, et 
al. Strain on the repaired supraspina-
tus tendon during manual traction 
and translation glide mobilization on 
the glenohumeral joint: A cadaveric 
biomechanics study. Man Ther. 2007; 
12(3):231-9.

37. Leeuw M, Goossens ME, Linton SJ, 
Crombez G, Boersma K, Vlaeyen JW. 
The fear-avoidance model of musculo-
skeletal pain: current state of scientific 
evidence. J Behav Med. 2007;30:77-94.

38. Racette SB, Deusinger SS, Deusinger 
RH. Obesity: overview of prevalence, 
etiology, and treatment. Phys Ther. 
2003;83(3):276-288.

167Orthopaedic Practice Vol. 27;3:15


