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ABSTRACT

Background: Recovery of overhead mobility after shoulder surgery is time-consuming and important for patient satisfac-
tion. Overhead stretching and mobilization of the scapulothoracic and glenohumeral (GH) joints are common treatment
interventions. The isolated GH range of motion (ROM) of flexion, abduction, and external rotation required to move
above 120° of global shoulder flexion in the clinical setting remains unclear. This study clarified the GH ROM needed for
overhead mobility.

Methods: The timely development of shoulder ROM in patients after shoulder surgery was analyzed. Passive global shoulder
flexion, GH flexion, abduction, and external rotation ROM were measured using goniometry and visually at 2-week intervals
starting 6-week postsurgery until the end of treatment. Receiver operating characteristic curves were used to identify the GH
ROM cutoff values allowing overhead mobility.

Results: A total of 21 patients (mean age 49 years; 76% men) after rotator cuff repair (71%), Latarjet shoulder stabilization
(19%), and arthroscopic biceps tenotomy (10%) were included. The ROM cutoff value that accurately allowed overhead mobility
was 83° for GH flexion and abduction with the area under the curve (AUC) ranging from 0.90 to 0.93 (p < 0.001). The cutoff value
for GH external rotation was 53% of the amount of movement on the opposite side (AUC 0.87, p < 0.001).

Conclusions: Global shoulder flexion above 120° needs almost full GH flexion and abduction to be executable. External rotation
ROM seems less important as long as it reaches over 53% of the opposite side.
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What'’s already known about this topic? What does the study add?

e Overhead shoulder mobility after shoulder surgery is an impor- e An observation of ROM development in patients after shoulder
tant treatment goal, but it requires time and a global shoul- surgery provides the GH ROM cutoff values for global shoulder
der flexion angle of over 120°. The exact relationship between flexion above 120°. GH ROM measurements can be used to pre-
global shoulder flexion and GH ROM remains unclear. dict overhead shoulder mobility.

Background requires global shoulder flexion angles over 120° (1,2). After

shoulder surgery, mobility can be restricted due to differ-
ent underlying mechanisms (3). Restoring arm elevation
is an important goal for all shoulder treatments and plays
an important role in subsequent patient satisfaction (4).
Common treatments include mobilizing and stretching the
shoulder into passive end range elevation (5,6). However,
these treatment approaches often cause severe pain (7,8).
Therefore, understanding shoulder biomechanics and the
relationship between its components is necessary to treat

Arm elevation is a crucial function of the shoulder girdle.
Restricted shoulder elevation impairs many daily and athletic
activities, such as reaching overhead. Overhead movement
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approximately 160° (1). It is a combined motion of the scapu-
lothoracic and glenohumeral (GH) joints. The normal function
of the shoulder complex is a coordinated motion sequence of
all joint elements. Impairment in one joint directly affects the
whole kinematic chain (10,11). Loss of GH range of motion
(ROM) alters the entire kinematics of motion. The scapular
upward rotation occurs earlier during arm elevation as a com-
pensatory strategy for limited GH ROM (11,12). The scapula
pulls the clavicle into an early final retraction position close
to the neck muscles. Once the final position of the scapula
and clavicle is achieved, only the thoracic spine can move to
gain more elevation motion (13). The abnormal movement
pattern of the scapula and clavicle often continues for a lon-
ger time, even after GH mobility has restored considerably
(7,11).

Improving arm elevation by optimizing the scapulo-
thoracic substitution is important in managing restricted
shoulder ROM (12,13). However, excessive compensatory
movements could cause secondary problems in other joints
(14). Mobilizing and stretching the shoulder into further
global flexion results in greater rotation of the scapula at the
acromioclavicular joint. This may induce compression of the
soft tissues between the coracoid process and the clavicle,
which can again lead to pain (7). Further, subacromial struc-
tures can be irritated when the arm is pushed into elevation
(8). In other words, GH loss of motion can result in mechani-
cally related shoulder pain.

Thus, sufficient GH ROM is mandatory for overhead
mobility as it decreases the requirement for the scapulo-
thoracic substitution and allows the scapula and clavicle to
move around the thorax (7). An impairment-based rehabilita-
tion approach should therefore focus on improving GH ROM
(15). In particular, increasing external rotation (ER) ROM
has been recommended to improve global shoulder flexion
(8,14,16,17).

From a biomechanical perspective, the amount of GH ER
in full global shoulder flexion is controversially discussed in
the literature (18-23). However, with regard to postopera-
tive patient satisfaction, ER, if not massively impaired, has no
major influence on overall patient satisfaction (24).

The amount of GH flexion, abduction, and ER mobility
required to perform an overhead arm movement in patients
with restricted shoulder ROM remains unclear. However,
knowledge of the relationship of GH mobility and global
shoulder flexion is important to guide the rehabilitation
process.

Therefore, this study aimed to investigate the passive GH
cutoff value for overhead mobility (global shoulder flexion
above 120°). Based on preliminary data, we hypothesized
that nearly full GH flexion and abduction is required for over-
head mobility, whereas GH ER is negligible.

Methods

Study design and setting

A retrospective observational study was conducted in a
group of patients after a variety of shoulder surgery. Data
of patients who underwent postoperative physical therapy
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at the Balgrist University Hospital outpatient Physiotherapy
Department, Zurich, Switzerland, were collected and ana-
lyzed. All patients provided written informed consent for the
anonymized use of their medical data for scientific purposes
before data collection. The retrospective data analysis was
approved by the ethics committee of the Canton of Zurich
(BASEC 2016 01120).

The following data from the patient reports were used
for analysis: (a) ROM measurements of the unaffected and
operated sides recorded 6 weeks after the surgery; (b) fol-
low-up ROM measurements of the operated side at intervals
of approximately 2 weeks. Demographic and baseline char-
acteristics of the patients were recorded at the start of the
treatment.

Participants

A total of 34 patients referred for treatment after
arthroscopic rotator cuff repair, open shoulder stabilization
with Latarjet procedure, arthroscopic biceps tenotomy and
of a minimum age of 18 years were initially selected; 21
patients met the inclusion criteria and were included in the
data analysis. The sample size for this study was determined
a priori, based on similar studies in the literature, which typi-
cally included 20 to 30 subjects, ensuring sufficient statistical
power (15,17,25).

Exclusion criteria were as follows: an unhealthy shoulder
on the opposite side, prior shoulder fracture, scoliosis, and
documented symptoms of complex regional pain syndrome.
For the analysis, only the patients treated by physiotherapists
who had experience in treating shoulder conditions for more
than 10 years and who had seen more than five patients dur-
ing the recruiting period were included.

All patients were treated once or twice a week with indi-
vidual sessions and hydrotherapy in groups, each session
lasting 30 minutes. The interventions were (a) instruction
and progression of home exercises to increase shoulder ROM
and rotator cuff and scapular muscle strength; (b) cognitive
behavioral strategies, including goal setting, education, and
positive reinforcement; (c) passive GH and scapulothoracic
joint mobilization in supine or side position without pain
provocation; (d) active joint movement in water of 34°C and
swimming as soon as allowed; and (e) soft tissue massage.
Treatment procedures after shoulder surgery were based on
the patient’s condition and followed the standardized guide-
lines of the surgeon.

ROM measurement

The ROM measurement procedure used in the Phys-
iotherapy Department is a combination of the method origi-
nally described by Winkel et al (26) and Cyriax (27), and, to
some extent, our own clinical experience. The method was
evaluated for its reproducibility. Reliability was excellent
across all movement directions (intraclass correlation coef-
ficient [ICC], 0.91-0.99). The standard error of measurement
ranged from 2° to 5°, and the smallest detectable change
ranged from 5° to 14° (unpublished data). All physiothera-
pists of the institution participated in a training session to
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standardize their shoulder ROM measurements for quality
reasons. The shoulder ROM measurements and notations
were part of the daily routine and were performed before
the regular physiotherapy session.

For shoulder ROM measurements, all movements were
performed passively until the end range position. Passive
end range position was determined by the tactile perception
of a clear resistance to further motion against the stabiliz-
ing hand (28). All passive movements were measured either
with a standard 205 x 45-mm, double-armed 360° goniom-
eter constructed of clear plastic or by visual estimation. All
measurements were conducted with an accuracy of 5°, as
this corresponds to the clinical standard.

Global shoulder flexion

For global shoulder flexion, the patients stood with their
eyes fixed forward. The examiner moved the patient’s arm
with one hand in the sagittal plane with the elbow in full
extension and the thumb pointing up to the maximal end
range position. The other hand rested on the scapula and
thorax to secure upright posture. The patient was then
asked to hold the elevated arm in position with his other
hand while the examiner measured the angle using a goni-
ometer. Anatomical landmarks and measurement device
positioning followed the recommendations of Norkin and
White (28). The stationary arm of the goniometer was
placed parallel to the midline of the thorax, and the moving
arm was aligned with the shaft of the humerus and lateral
epicondyle (Fig. 1A).
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GH motion

For GH motion measurement, the patients were sitting
upright on a chair with their feet on the floor. GH flexion
was performed in the sagittal plane. The arm was passively
moved with one hand, while the other hand immobilized the
lower angle of the scapula with the thumb. The angle was
measured visually when the scapula began to rotate. The
landmarks used for global shoulder flexion were also used
here (Fig. 1B).

GH abduction was performed in the plane of the scapula
approximately 30° anterior to the frontal plane. One hand
was placed on the acromion for stabilization and the other
hand moved the arm until the scapula began to move. The
landmarks for visual estimation were the sagittal plane and
the shaft of the humerus (Fig. 1C).

GH ER was taken by passively placing the patient’s arm
at 0° of GH abduction with the elbow flexed at 90° with one
hand. The medial border of the scapula was stabilized with
the fingers of the other hand while the arm was moved in ER.
The angle was measured visually from the sagittal plane and
the forearm using the olecranon process and ulnar styloid for
reference (Fig. 1D).

Statistical analysis

To describe the sample, data are expressed using descrip-
tive statistics. Mean ROM of the healthy side at the start of
evaluation was used as a reference for the percentage calcu-
lation. Mean ROM value of the operated arm at baseline and

FIGURE 1 - Joint measure-
ment: (a) passive global shoul-
der flexion measured with
goniometer; (b) passive gle-
nohumeral (GH) flexion; (c)
passive GH abduction; and (d)
passive external rotation. All
GH movements were measu-
red visually.
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at the end of evaluation were computed. Data are presented
separately for the dominant and nondominant sides.

Overhead movement was defined as a global shoulder
flexion above 120° and was coded as a dichotomous variable
(positive/negative results). To evaluate which GH ROM can be
used as a predictor of overhead movement, a receiver oper-
ating characteristic (ROC) curve was computed. ROC curves
were constructed by plotting sensitivity versus 1-specificity
for the absolute data and the percentage data of the oppo-
site side as independent variables. The area under the curve
(AUC) was calculated to quantify the accuracy of the predictor.
The AUCs can range from 0.50 (no accuracy in distinguishing
overheads from nonoverheads) and 1.00 (perfect accuracy).
An AUC of 0.75 has been proposed to be clinically useful (29).
Significance level was set at p < 0.05. The optimal threshold
value for each GH movement was determined by selecting
the cutoff value closest to 80% specificity. Sensitivity at fixed
point of specificity is suitable for determining the validity of
a predictor and for comparing two diagnostic tests (30). In
addition to the calculation, the measurements were graphi-
cally illustrated to exemplify the relationship between GH
ROM and overhead mobility.

All statistical analyses were performed under the super-
vision of an experienced biostatistician using Statistical
Package for the Social Sciences (SPSS) version 23.0 (IBM SPSS
Statistics Inc., Chicago, IL, USA).

Results

A total of 34 patients were screened for inclusion. Of
these, 21 patients with a total of 127 complete documenta-
tion measurements met the inclusion criteria and were ana-
lyzed. Reasons for exclusion were as follows: patients treated
by therapists with less than five patients during the analyzing
period (10), unhealthy shoulder on the opposite side (2), and
documented symptoms of complex regional pain syndrome
(1). Finally, patients of only two physiotherapists fulfilled
the selection criteria. Demographic characteristics of the
included patients are summarized in Table 1.

Descriptive data of the measured ROM value at the start
and end of evaluation are presented in Table 2. Dominant and
nondominant sides presented similar ROM values. Patients
exhibited a larger standard deviation (SD) in the ROM on
the healthy side for GH AR compared to GH flexion and GH
abduction. All cases showed some loss of motion at the start
of the evaluation and an improvement in ROM at the end of
the evaluation.

The results of the ROC curve analysis are shown in
Figure 2. From the 127 measurements, 70 were classified as
overhead and 57 as nonoverhead. The absolute and percent-
age data of all GH movements showed good performance
in distinguishing overhead mobility with AUCs ranging from
0.80 to 0.93, which were significant (p < 0.001).

The cutoff values of the shoulder ROM are presented in
Table 3. The cutoff values closest to 80% specificity, along
with their corresponding sensitivity and AUC with 95%
confidence interval (Cl), are presented separately based
on degrees and as a percentage relative to the ROM of the
opposite side. The 95% Cl of the AUCs exhibit a relatively
narrow range of 0.08 to 0.16, confirming the predictor’s test

Defining the GH ROM for overhead shoulder mobility

TABLE 1 - Patients’ characteristics (n = 21)

Characteristic Summary
Female/male 5/16
Mean age, years (SD) 49.1 (15.7)
Mean body height, cm (SD) 174.4 (8.3)
Mean body mass, kg (SD) 81.5(14.2)
Dominant hand: left/right 0/21
Side of surgery: left/right 10/11
Surgery (number)
Rotator cuff repair 15
Latarjet shoulder stabilization 4
Arthroscopic biceps tenotomy
Mean evaluation duration, days
Rotator cuff repair 92.0
Latarjet shoulder stabilization 69.0
Arthroscopic biceps tenotomy 93.5
Total measurement points 127
Rotator cuff repair 94
Latarjet shoulder stabilization 21
Arthroscopic biceps tenotomy 12

SD = standard deviation.

strength. GH ER exhibits lower sensitivity compared to GH
flexion and GH abduction. This is supported by their respec-
tive AUC values.

In addition to the calculation, the measurements were
graphically illustrated to exemplify the relationship between
GH ROM and the ability to move overhead (Fig. 3). The pat-
tern for GH flexion and GH abduction differs from that of GH
ER. The graph illustrates that some patients were able to
achieve overhead movement with less than 20° and 20% GH
ER, respectively.

Discussion

The goal of this observational study was to evaluate the
required GH ROM to achieve overhead mobility in patients
after shoulder surgery. Our results showed that overhead
mobility can be expected with a GH ROM of 83° for flexion
and abduction each and with 53% ER of the contralateral
side. In other words, consistent with our hypothesis, over-
head mobility needs nearly full ROM for GH flexion and
abduction, whereas ER ROM seems less important.

An understanding of normal shoulder ROM is crucial to
interpret the results of this investigation. Normative data
vary considerably in the literature as many factors can influ-
ence ROM. These factors include age, gender, sports activ-
ity, and the position of the subject during the examination.
Arm dominance is another factor that can influence shoulder
ROM (31-33). To minimize the abovementioned variability,
the healthy side of the participants was used as a reference.
In the present study the mean shoulder ROM for GH flexion
was 93° (SD * 4°), for GH abduction 93° (SD * 5°), and for GH
ER 43° (SD + 17°) on the dominant side (Tab. 2). Due to the
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TABLE 2 - Descriptive data of range of motion value at start and end of evaluation

Shoulder Global flexion GH flexion GH abduction GH exorotation
At start of evaluation
Healthy side dominant
Mean/% 154°/100% 93°/100% 93°/100% 43°/100%
(SD/range) (5/150-165) (4/85-100) (5/90-105) (17/5-60)
Healthy side nondominant
Mean/% 155°/100% 96°/100% 93°/100% 47°/100%
(SD/range) (7/140-165) (5/90-100) (5/85-100) (13/15-75)
Operated side dominant
Mean/%* 111°/72% 73°/78% 69°/74% 15°/35%
(SD/range) (23/70-145) (13/50-90) (12/50-90) (15/0-35)
Operated side nondominant
Mean/%* 109°/70% 65°/68% 62°/67% -1°/0%
(SD/range) (24/80-140) (18/35-90) (18/35-85) (7/-20-5)
At end of evaluation
Operated side dominant
Mean/%* 137°/89% 90°/97% 87°/94% 38°/88%
(SD/range) (17/110-135) (9/70-100) (7/70-95) (19/0-60)
Operated side nondominant
Mean/%* 143°/92% 90°/94% 87°/94% 28°/60%
(SD/range) (18/100-160) (8/70-100) (11/55-95) (18/0-50)

Operated on the dominant side, n = 11, nondominant side, n = 10; total, n = 21.
GH = glenohumeral; SD = standard deviation.
*Percent of range of motion of the healthy side.

FIGURE 2 - Receiver opera-

ting characteristic curves for
glenohumeral ROM. It was
constructed with the data
points of ROM absolute and
ROM percentage of the op-
posite side by plotting sensi-
tivity versus 1-specificity. The
greater the area under the
curves, the greater was the
ability of the predictor to di-
stinguish between overhead
mobility (>120° global flexion)
and nonoverhead mobility.
ABD = abduction; AUC = area
under the curve; ER = external
rotation; FLEX = flexion; GH =
glenohumeral; ROM = range of
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wide range of GH ER, the relationship between the affected
and healthy sides was used for interpretation.

To the best of our knowledge, this is the first study to
investigate the GH cutoff value for overhead shoulder mobil-
ity in patients recovering from a shoulder surgery. A com-
parative analysis of our data with other studies is difficult
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due to several methodological differences. Previous studies
of shoulder kinematics in patients with loss of motion have
predominantly described active rather than passive motion
(11,12,14,15,34). Both conditions are important to under-
stand the state of the joint, but passive ROM measurements
are more useful to obtain the maximal achievable motion.
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TABLE 3 - Glenohumeral ROM cutoff values at 80% specificity that
allow overhead mobility

Predictor 80% specificity Sensitivity AUC 95% CI
cutoff value (%)

GH ROM absolute
FLEX 83° 87 0.93 0.89-0.97
ABD 83° 80 0.90 0.83-0.95
ER 28° 66 0.80 0.72-0.87

GH ROM percent
FLEX 87% 90 0.90 0.83-0.95
ABD 85% 87 0.85 0.77-0.93
ER 53% 74 0.87 0.81-0.93

The ROM cutoff values closest to 80% specificity are presented both as abso-
lute values in degrees and as a percentage relative to the opposite side. The
corresponding sensitivity at the identified cutoff point is displayed, providing
insight into the test’s ability to correctly identify true positives at this level of
specificity. Along with the AUC and 95% Cl, this provides a comprehensive
view of the diagnostic performance at the specified specificity level.

ABD = abduction; AUC = area under the curve; Cl = confidence interval; ER =
external rotation; FLEX = flexion; GH ROM = glenohumeral range of motion.

A

In addition, passive motion assessments allow clinicians to
estimate the amount of isolated GH motion (31). Another
factor that affects the results when GH mobility is studied
is the type of device used to measure shoulder ROM (35).
In clinical practices, shoulder ROM is usually measured with
goniometry or visually (36). The accuracy of visual estimation
and goniometry varies highly in the current literature (36).
However, Warth and Millett (33) have reported that experi-
enced clinicians can measure shoulder ROM with an accept-
able precision.

Thus, a direct comparison of our findings with those of
previous studies was not possible due to the aforementioned
reasons. Nevertheless, consistent with our data, Stenvers (7)
reported similar GH ROM values for global shoulder flexion.
The author used X-ray cinematography to study the develop-
ment of global shoulder flexion in subjects with frozen shoul-
der. Passive shoulder motion in supine position was used
for the investigation. The results showed that almost 90° of
GH flexion and abduction was necessary before the shoul-
der could move over a so-called 90° mechanism. This 90°
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mechanism was used as an umbrella term for the abnormal
motion kinematics of the frozen shoulder and is comparable
with the nonoverhead mobility of the present investigation.
In a study by Baettig et al (37) patient satisfaction after rota-
tor cuff repair was analyzed. They found active abduction
ROM was the only shoulder movement that significantly
correlated with higher patient satisfaction in a multivari-
ate analysis. It is known that GH stiffness generates greater
impairments in global abduction movements as it does for
global flexion movements due to the reduced compensating
ability of the scapulothoracic joint in the abduction plane (7).
This supports the findings of the present study and indicates
that GH mobility plays a key role in shoulder function.

Interestingly, the results demonstrated that some
patients could move overhead with considerably restricted
GH ER, whereas only a few patients could move overhead
with less than 80° of GH flexion and abduction (Fig. 3). A
possible explanation was found in a basic study that inves-
tigated the effect of selective capsular shortening on pas-
sive GH ROM (38). The shortening of the superior part of
the capsule resulted in limited GH ER of the adducted arm,
whereas GH abduction was not restricted (38). According to
Crétual et al (39), GH ER mobility in adduction is least cor-
related with global shoulder mobility and should therefore
be done with the shoulder in abduction. Nevertheless, ER
with the arm at the side is commonly used to monitor the
development of mobility in patients with restricted shoul-
der ROM. It has the advantage of being assessed indepen-
dently of abduction ability, which is often restricted after
shoulder surgery (39).

Thus, a question arises about the amount of ER neces-
sary for full global shoulder flexion. However, this topic is
controversially discussed in the literature (18,20,21,23). In
this context, McClure et al (35) mentioned the importance of
scapular upward rotation in full arm elevation for a healthy
shoulder. They speculated that scapular upward rotation
reduces GH ER requirement. This may be an explanation why
some patients were able to move overhead with consider-
ably restricted ER values.

Several limitations should be considered when interpret-
ing the results of our study. First, the data were based on
clinical assessments with visual estimation and goniometry,
which are not the gold standards for research due to the lack
of desired accuracy. Second, when interpreting ROM in clini-
cal practice, the measurement of all ROM directions is impor-
tant. It provides the information which parts of the capsule
are responsible for the specific restrictions (3,38). The pres-
ent investigation did not evaluate GH internal rotation ROM.
The internal rotation in adduction with the hand behind back
maneuver is a motion of different joints that requires GH,
scapulothoracic, elbow, wrist, and finger movements (40).
It is therefore recommended to measure isolated GH inter-
nal rotation with the arm abducted. However, internal rota-
tion cannot be measured as recommended in patients with
restricted GH abduction. Finally, the present study group
consisted of 21 patients who had undergone different shoul-
der surgery. This nonhomogeneous group may have different
impairments. Nevertheless, the mobility of the GH joint is
significantly influenced by its biomechanical properties, such
as ROM and the surrounding musculoskeletal structures,
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rather than solely by surgical procedures. The relatively small
sample size of 21 patients is consistent with similar studies in
the field (15,17,25). Additionally, the AUCs demonstrated a
narrow range within the 95% confidence interval (Cl), indicat-
ing a high level of validity of the results despite the limited
sample size.

The main clinical implication of the findings of this study
is that the assessment of GH ROM is important for predict-
ing global shoulder flexion mobility. The results imply that
nearly normal GH flexion and abduction ROM is required
before the shoulder can move above 120° global shoulder
flexion. Therefore, a rehabilitation approach that focuses
on GH mobility improvement rather than on global shoul-
der flexion is recommended. The results of this investigation
showed a tendency toward greater importance of GH flexion
and abduction values than for GH ER, which needs to be con-
firmed by future research.

Conclusion

This study documents the cutoff values for GH flexion,
abduction, and ER ROM that can accurately predict overhead
mobility. Results showed that 83° of GH flexion and abduc-
tion was required before patients could move their arms
above 120° of global shoulder flexion. This means nearly full
GH ROM in flexion and abduction is required before overhead
mobility is achievable. Consequently, overhead stretches in
the presence of GH stiffness should be performed with cau-
tion. The cutoff value for GH ER in degrees was inaccurate for
interpretation due to the wide range of GH ER of the healthy
opposite shoulders. Therefore, it is suggested to use the per-
cent value. About 53% of the ROM of the opposite side for
GH ER was required for overhead mobility.
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