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abStract

Background

In the nonoperative treatment of proximal humerus fractures some surgeons recommend passive 
pendulum exercises in the early post-fracture period. Others wait a month, starting with active 
exercises when early fracture healing is established.  

Questions/Purposes

We addressed the primary null hypothesis that there is no difference in active forward flexion of 
the shoulder six months after nonoperative treatment of a proximal humerus fracture when passive 
pendulum exercises are initiated within 3 weeks of injury compared to delaying exercises until 
early fracture healing is established at least 3 weeks after injury, and starting with active exercises. 
Secondarily we addressed differences in pain intensity, external rotation, abduction, and upper 
extremity specific disability both three and six months after injury and forward flexion three months 
after injury.

Patients and Methods

Thirty-two patients were randomized to the early mobilization group and 31 patients to the late 
mobilization group. Three and six months after the injury, patients completed the DASH and we 
measured forward flexion, external rotation, abduction of the shoulder, and pain intensity.   

Results

There was a significant loss to follow-up in this study; 20 patients that turned up for their 3 month 
follow-up did not return at 6 months. There was no significant difference in forward flexion six 
months after injury between the groups (p = 0.85), or in any motion measurement, pain intensity, 
upper extremity specific disability (DASH score) three or six months after injury.

Conclusions

Delaying exercises until early fracture healing is established does not affect recovery from 
nonoperative treatment of a fracture of the proximal humerus. 
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background

Proximal humerus fractures with limited displacement are generally treated nonoperatively (1-4, 10, 

11, 13, 15).  There is a general impression that better function is obtained with immediate initiation of 
passive shoulder motion exercises(14-16, 18, 19).  However, there is concern that this may increase the risk 
of fracture nonunion and does not affect outcome. 

Lefevre et al., Hogdson et al., and Kristiansen et al. compared early (<72 hours or within 1 week) vs. 
delayed (about 3 weeks) shoulder motion exercises in patients with a minimally displaced proximal 
humerus fracture in randomized controlled trials(17, 20, 21). Shoulder motion was better with early 
exercises within the first 3 months, but not after. 

Patients with shoulder fractures are concerned that they might get a “frozen shoulder” if they do 
not exercise right away. This fear is sometimes reinforced by caregivers that may not be aware of 
the findings of randomized trials to date. It is also reasonable that some caregivers might not find 
three randomized trials convincing enough to change their belief that delaying exercises might be 
harmful. We felt this important issue merited additional study. 

This randomized trial addresses the null hypothesis that there is no difference in active forward 
flexion of the shoulder six months after nonoperative treatment of a proximal humerus fracture 
when exercises are initiated within 3 weeks of injury compared to between 4 and 8 weeks after 
injury. Secondarily we addressed differences in pain intensity, external rotation, abduction, and 
upper extremity specific disability both three and six months after injury and forward flexion three 
months after injury.

patientS and MethodS

Study Design and Setting

This was a two center; randomized controlled study conducted in an academic teaching hospital 
in the United States and the Netherlands. The Institutional Review Boards of both hospitals 
approved the study. It was registered at www.clinicaltrials.org (United States) under the identifier 
NCT00438633, as well as www.trialregister.nl (The Netherlands). Study design and report were 
conducted according to the Consolidated Standards of Reporting Trials guidelines(22). All enrolled 
patients had given written informed consent.

Participants

Outpatients were screened by a trained research assistant for proximal humerus fractures. If the 
surgeon and patient chose nonoperative treatment, the research assistant assessed eligibility for the 
study. Any adult (age 18 or greater) patient with a fracture of the proximal humerus diagnosed by 
radiographs, and enrolled within 2 weeks of injury was eligible. Patients with other fractures were 
excluded.  
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Randomization

After informed consent, participants were randomized 1:1 according to a computerized random 
number generator to either early (immediate prescription to learn pendulum exercises) or delayed 
(at least three weeks after injury) exercises. Allocation to treatment groups was concealed. The 
research assistant responsible for recording the outcome measures was not blinded to the allocation.

Study Procedures

After randomization all patients completed the DASH questionnaire. Patients randomized to early 
exercises were given a prescription for physical therapy or a leaflet with instructions to do pendulum 
exercises until 1 month after fracture and then start active self-assisted stretches after incipient 
healing was verified by the treating surgeon. Patients randomized to late exercises did no shoulder 
motion exercises for at least one month until early healing was established as determined by the 
treating surgeon by examination and radiographs.

Description of follow-up routine 

Three months (between 2 and 4 months was deemed within protocol) after the injury, patients 
again completed the DASH. Forward flexion, external rotation, and abduction of the shoulder and 
pain intensity were measured by a research assistant using a goniometer. The same measures were 
completed 6 months (between 4 and 8 months) after the injury. 

Statistical Analysis

This study was designed to determine a 10 degrees mean difference in shoulder forward flexion 
between the intervention and the control group at 3 and 6 months post treatment. We assumed 
a standard deviation of 10 degrees, which translates into an effect size of 1.0 (delta = 10/10). A 
power analysis indicated that a sample size of 23 patients randomized to each of the two groups will 
provide 90% statistical power to detect this effect size between the groups (α = 0.05, β = 0.10) using 
an unpaired Student t-test(7). To account for a possible loss to follow-up of 20-25%, we enrolled 
a total sample size of 60 patients with a 1:1 randomization plan with a Uniform (0,1) model (30 
patients to each arm of the study)(24).

We used a Shapiro-Wilk test to assess normality of our data. We used the 2-tailed unpaired Student 
t test and the Mann-Whitney U test to compare means/medians. The level of significance of the 
primary outcome was set at P < 0.05.  Mean imputation was used for missing data. Analysis was 
according to strict intention-to-treat.

Enrollment started March 4th, 2005 and ended at February 4th 2013. The duration of the study 
was due to the decrease in triage of patients with proximal humerus fractures to one center during 
the study period and prioritizing of other studies for several prolonged intervening periods at that 
center. The study was completed by collaborating with another center. 
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Demographics

Sixty-five patients were assessed for eligibility; one patient did not meet the inclusion criteria and one 
patient declined to participate. Sixty-three patients with a proximal humerus fracture were enrolled.  
Of these 63 patients, 54 patients (28 early, 26 late) had non-or minimally displaced fractures and 9 (4 
early, 5 late) had displaced fractures, but elected nonoperative treatment.  Thirty-two patients were 
randomized to the early mobilization group and thirty-one patients to the late mobilization group. 

Thirteen enrolled patients did not return for evaluation at either three or six months (six early, seven 
late), and we could not determine if they received the allocated intervention. Among the remaining 
50 patients, 10 (10 early, 10 late) returned at 3 months, but not at 6 months (Figure 1). We used 
mean imputation for the 6-month evaluation for these patients. Baseline demographics and clinical 
characteristics were comparable for each cohort. (Table 1). There were no significant differences by 
follow-up category (Table 2).  

Early 
n = 26

Late 
n = 24

p-value

Sex

Men 5 9 *0.21

Women 21 15

Injured Hand

Dominant 9 12 *0.39

Non-Dominant 17 12

Age (mean) 63(13) 62(12) ^0.83

DASH at enrollment 61(16) 54(21) ^0.23

Completed three month follow-up 26 24 *1.00

Completed six month follow-up 16 16

Non or minimally displaced fracture

Yes 22 19 *0.72

No 4 5

Numeric values are presented as means (standard deviations)

^Unpaired t-test, *Fisher’s Exact test

Table 1. Baseline Characteristics
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Figure 1. Flow diagram 
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All 
enrolled

Neither f/u 3 month 
f/u only

Both f/u p-value 
comparing 
the 3 
follow-up 
categories

n = 63 n = 13 n = 20 n = 30

Randomization *p = 0.91

Early 32 6 10 16

Late 31 7 10 14

Sex *p = 0.95

Men 18 4 6 8

Women 45 9 14 22

Injured Hand *p = 0.43

Dominant 29 8 9 12

Non-Dominant 34 5 11 18

Non- or mimimally 
displaced

*p = 0.23

Yes 54 13 17 24

No 9 0 3 6

Age (mean) 62 58 63 62 ^p = 0.64

DASH at enrollment 57 (36-68) 52 (48-68) 58 (51-64) 58 (52-62) ^p = 0.70

*Chi-Square test, ^ANOVA
Table 2. Characteristics of follow-up categories

reSultS

There was no significant difference in forward flexion six months after injury between patients 
starting exercises immediately or after 1 month (p = 0.85). There were no significant differences 
in any motion measurement, pain intensity, upper extremity specific disability (DASH score) three 
or six months after injury (Table 3). There were no adverse events reported during the trial period. 
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Early Mobilization Late Mobilization p-value

n = 26 n = 24

Mean/
Median

SD 95% CI, 
IQR

Mean/
Median

SD 95% CI, 
IQR

Primary Outcome

Forward Flexion, 
6 months

150 26 140-160 146 22 138-155 *0.63

Secondary Outcome, 
3 months

Flexion 122 43 106-139 126 33 113-139 *0.71

Abduction 115 43 98-131 101 41 84-117 *0.26

External Rotation 53 30 42-64 51 21 42-59 *0.72

NRS 3 2 3 1 ^0.47

DASH 33 25 24-43 24 15 18-30 *0.10

Secondary Outcome, 
6 months

Abduction 147 27 137-158 136 33 123-149 *0.20

External Rotation 70 17 63-76 66 26 57-76 *0.58

NRS 2 1 1.3-1.7 2 3 0.95-2.1 ^0.83

DASH 18 12 13-23 14 7 11-17. *0.17

CI = Confidence Interval, IQR = Interquartile Range, NRS = Numeric Rating Scale, DASH = Disability of 
Arm, Shoulder and Hand score 
*Unpaired t-test, ^Mann-Whitney U test 

Table 3. Comparison of study cohorts

diScuSSion

We found no advantage in terms of motion, pain, or disability to starting exercises immediately 
rather than waiting a month for early fracture union. Patients treated nonoperatively regained 
good shoulder function, particularly if they had a nondisplaced fracture. Combined with the other 
randomized trials to date, we conclude that passive motion (so-called pendulum) exercises during 
the first month after injury do not add to the nonoperative treatment of proximal humerus fractures 
and can be safely omitted. We expect that patients will find this data reassuring, and that their 
recovery will be more comfortable and assured, and will use fewer resources.  

The results of this trial should be viewed in light of several limitations. This was a pragmatic trial 
in which patients were prescribed exercises, but adherence was not monitored. The results of this 
study reflect what happens when exercises are prescribed in actual practice, but not the efficacy of 
a specific set of exercises done consistently. The study was powered for the primary study question 
and may have been underpowered for some secondary study questions. We had a large percentage of 
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patients that did not show-up to any follow-up moment and therefore there was no data available for 
analysis. We believe most of these patients did not return because they felt better and did not see the 
need to return even though they were enrolled in a prospective trial. This speculation is supported 
by the overall very good recovery of patients in this trial and the fact that patients with nondisplaced 
fractures seemed more likely to skip follow-up visits. We do not believe these lost participants affected 
the results of the trial, because there were no significant differences between groups of patients with 
different levels of adherence to the protocol, although there might be important differences that we 
did not measure. We did not stratify for Neer or AO-fracture classification but these classifications 
have only ‘slight’ to ‘fair’ observer agreement(5, 9) and variations in fracture complexity should have 
been comparable as a result of randomization.  

Our data are consistent with the other randomized trials performed to date except that we found no 
differences at the 3 months evaluation(17, 20, 21). Prior trials enrolled patients with minimally displaced 
proximal humerus fractures, and instructions for exercises were monitored. Our study (a pragmatic 
trial) reflects actual practice in that all patients choosing nonoperative treatment were included no 
matter the fracture pattern or displacement and exercises were prescribed but not monitored(6, 12, 23, 

25). Also, the fact that patients were able to choose between doing exercises themselves or under the 
supervision of a physical therapist mirrors daily practice (particularly at one of our centers) where 
physical therapy is not always covered by insurance. 

Since the emphasis on early motion exercises risks reinforcing the natural human tendency to 
“prepare for the worst” (psychologists refer to this as catastrophic thinking(8)) it should be avoided 
in patient care. Terms that have a strongly negative emotional valance such as “frozen shoulder” 
are particularly unhelpful and we should train ourselves not to say them. The idea that waiting one 
month for incipient healing of a fracture of the proximal humerus prior to starting exercises to 
regain motion will cause harm is not supported by scientific data. Centers that do prescribe early 
motion after sustaining a fracture of the proximal humerus that is treated nonoperatively should be 
assured that this also does not negatively influence outcome. 
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