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Abstract

Background: General physiotherapy is a common means of rehabilitation after surgery for proximal humeral
fracture (PHF). Better-targeted exercises seem worthy of investigation and the aim of this study was to assess the
efficacy of a rehabilitation program including task-oriented exercises in improving disability, pain, and quality of life
in patients after a PHF.

Methods: By means of a randomized controlled trial with one-year follow-up, 70 working patients (mean age of
49 + 11 years; 41 females), who were selected for open reduction and internal fixation with plates caused by PHF,
were randomized to be included in an experimental (n = 35) or control group (n = 35). There was a permuted-block
randomization plan, and a list of program codes was previously created; subsequently, an automatic assignment
system was used to conceal the allocation. The first group underwent a supervised rehabilitation program of task-
oriented exercises based on patients’ specific job activities, and occupational therapy. The second group underwent
general physiotherapy, including supervised mobility, strengthening and stretching exercises. Both groups
individually followed programs of 60-min session three times per week for 12 weeks in the outpatient setting. The
Disability Arm Shoulder Hand questionnaire (DASH; scores range from 0 to 100; primary outcome), a Pain intensity
Numerical Rating Scale (scores range 0 to 10; secondary outcomes), and the Short-Form Health Survey (scores
range from 0 to 100; secondary outcomes) assessed the interventions. Participants were evaluated before surgery,
before and after rehabilitation (primary endpoint), and at the one-year follow-up (secondary endpoint). A linear
mixed model analysis for repeated measures was carried out for each outcome measure (p < 0.05).

Results: Time, group and time by group showed significant effects for all outcome measures in favour of the
experimental group. The DASH and the DASH work achieved clinically important between-group differences of 16.0
points (95% confidence interval [CI] 7.3 to 24.7) and 19.7 (95% Cl. 9.0 to 30.5) at follow-up, respectively. The NRS
achieved a between-group difference of 2.9 (95% C.I. 1.0 to 3.9) at follow-up. As for SF-36, there were between-
group differences ranging from 17.9 to 37.0 at follow-up.
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Conclusions: A rehabilitation program based on task-oriented exercises was useful in improving disability, pain, and
quality of life in working patients after PHFs. Improvements lasted for at least 12 months.

Trial registration: On 16/12/2019, the trial was retrospectively registered in the ISRCTN registry with the ID number

Keywords: Proximal humeral fractures, Surgery, Rehabilitation, Task-oriented exercises

Background

Upper limb fractures are continuously increasing in in-
dustrialized western countries: about 370,000 visits to
the emergency departments are expected to occur every
year in the United States [1]. The most common site for
fracture is proximal humerus accounting for 50% of
them, with higher rates in females (78 visits with hu-
meral fractures/100,000 people) than in males (36 visits
with humeral fractures/100,000 people), and with a lar-
ger number in the 45-64 years age group [1]. Proximal
humeral fractures (PHFs) induce pain and limitations in
activities of daily living (ADL), and reduce quality of life
(QoL) [1, 2]. In addition, PHFs produce relevant direct
costs including medical costs: the hospitalization cost is
the most important factor in total healthcare cost of
PHFs, being 55% of the total healthcare costs [3]. Des-
pite exact estimates of indirect costs not being available,
presumably long-term loss of earnings, vocational re-
habilitation =~ expenditures, pensions and  wage-
replacement costs, production slowdowns, accident in-
vestigations, and finally, the recruiting and training of
workers to replace those injured are also expected [4].

PHFs advocate frequent demand for subsequent surgi-
cal and rehabilitation treatments [5]. When dealing with
adult working patients it is common to firstly introduce
joint-saving procedures, including minimally invasive re-
duction and intramedullary fixation, open reduction and
internal plates fixation [6, 7]. Subsequently, non-
operative treatments are recommended, usually based on
immobilization and then on rehabilitation [6, 7]. An effi-
cient return-to-work time is also recommended to de-
crease individual and company costs [3].

General physiotherapy is a common means of rehabili-
tation after surgery for PHFs, and mainly includes seg-
mentary exercises of mobility of the shoulder and upper
limb, strengthening of humeral and upper limb muscles,
stretching of shoulder girdle and upper limb muscles,
and postural control of upper limb [7-10]. However, its
clinical impact relies on the recovery of general motor
characteristics and not of specific daily living and job ac-
tivities, useful when working populations are addressed
[7]. Hence, better-targeted exercises, such as those task-
oriented, whose aim is the recovery of specific move-
ments performed during job activities as well as early in-
dependence in ADL, seem worthy of investigation in this

context. Evidence is also required when defining other
characteristics of these exercises, such as intensity, fre-
quency and duration of programs as well as their long-
term effects [7].

Hence, we carried out a randomized controlled study
with the objective of assessing the efficacy of a multi-
modal rehabilitation program that incorporates task-
oriented exercises and occupational therapy compared
to general physiotherapy in improving disability (primary
outcome), pain and quality of life (secondary outcomes)
of working patients who had PHF surgically-treated with
locking plate fixation. The hypothesis was that a 12-
week rehabilitation program of functional exercises
would produce clinically significant improvements in the
primary outcome versus general physiotherapy at the
end of treatment (primary endpoint), and that these ef-
fects would have lasted up to at least one year (second-
ary endpoint).

Methods

Design, randomization and blinding

A secondary care rehabilitation hospital was the setting
of our randomized, parallel-group superiority-controlled
trial, in accordance with the CONSORT recommenda-
tions [11]. The staff involved had documented expertise
in upper limb rehabilitation (over 10 years of practice)
and attended refresher courses which combined theory
with practical treatment skills on post-surgical manage-
ment of musculoskeletal disorders annually.

Once the patients gave their consent, the principal in-
vestigator informed the biostatistician, who randomized
them to one of the interventions using a permuted-block
randomization plan. The list of program codes was pre-
viously created by the same researcher and stored in
Matlab; the sequence was not accessible to others in-
volved in the study. Subsequently, an automatic assign-
ment system, also created in Matlab, was used to
conceal the allocation.

The principal investigator, who acquired and evaluated
the data was blinded to the treatment allocation. The
remaining health-care personnel, the biostatistician and
the participants were aware of the treatment and, there-
fore, were not blinded.

Our study was approved by the Local Ethical Commit-
tee “Salvatore Maugeri Foundation”, Scientific Institute
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of Lissone (MB, Italy; number: 4; date of approval: 04/
05/12) and was carried out observing the fundamental
ethical and humane principles of research. The trial was
retrospectively registered in the ISRCTN registry with
the ID number 17996552 (16/12/2019). A protocol was
presented to the Local Ethical Committee before the
study began and no changes occurred over the course of
the study.

Patients

Patients included were those undergoing surgical treat-
ment of open reduction and internal fixation with a
locking plate as a result of displaced and unstable PHFs
classified as Arbeitsgemeinschaft Osteosynthese (AO)
Foundation for the Study of Internal Fixation type 11
[12], those who had a job, a good understanding of Ital-
ian and an age between 20 and 65. The exclusion criteria
were as follows: cognitive impairment (Mini-Mental
State Examination Score of < 24); unstable cardiovascu-
lar and pulmonary diseases; systemic or neuromuscular
diseases (including rheumatic diseases), ruled out by case
histories and imaging. Patients with isolated tuberculum
majus fracture (AO 11, Al), those with fractures involv-
ing the glenoid cavity, double fractures or injury of the
plexus and the axillary nerve, and those with workers’
compensation were also not included.

The study’s participants were consecutively included
in the study between June 2012 and June 2016.

They were pre-operatively assessed by an orthopaedic
surgeon and a physiatrist at the Orthopaedics Unit (San
Gerardo Hospital, Monza, Italy), and all those who ful-
filled the entry criteria received additional information
and were asked to agree to comply with whichever re-
habilitation option conducted at the Rehabilitation Unit
(Scientific Institute of Lissone, Salvatore Maugeri Foun-
dation, Lissone, Italy) they were randomly assigned to,
and finally, to attend the follow-up examination. The pa-
tients were blinded to the study’s hypothesis to partially
reduce expectation bias and crossover problems. They
were told that the trial’s objective was to compare two
common approaches to PHFs rehabilitation, whose effi-
cacy had not yet been established. Conforming patients
were required to sign an informed consent form, and
subsequently, their demographic data, symptoms and
medical history were taken down.

Interventional programs

The interventional programs involved two physiatrists,
an occupational therapist, and two equally-experienced
physiotherapists who were individually responsible for
the intervention in the two different programs. The ex-
ercise program was designed on physical examination at
baseline of postural, muscular, and articular perfor-
mances .
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Experimental group

After early mobilization (by the end of the first week
after surgery), basic exercises were introduced to im-
prove glenohumeral mobility and upper limb muscle
awareness; the patients specifically learned techniques
for the muscles mainly involved, progressively increasing
resistance, speed, power and complexity of movement
patterns. Further, the physiotherapist introduced task-
oriented exercises based on patients’ specific job activ-
ities the patients accurately described. The exercises in-
cluded: moving objects of different shapes and sizes over
different directions, picking up objects on a table at dif-
ferent positions, composing complex objects by merging
components placed on a table, catching objects thrown
at different heights and velocities. Those physical move-
ments aimed at gradually improving mobility and
strength, recovering segmental stretching, and improving
neuromotor control of the upper limb as a whole. Add-
itional exercises were introduced with the aim of recov-
ering dexterity, balance, and other functional demands
of ADL. They included: moving from a couch to the sit-
ting position and from a chair to a standing position,
walking and turning at the preferred speed, ascending/
descending stairs, and climbing obstacles. In addition,
the occupational therapist gave patients sling care infor-
mation as well as ergonomic principles based on the
working activities actually performed before the injury.

Control group

After early mobilization (by the end of the first week
after surgery), this program incorporated segmentary ex-
ercises for humeral mobilisation (including passive
mobilization to improve glenohumeral range of motion),
strengthening (involving humeral and upper limb mus-
cles), segmentary muscle stretching (including upper
limb and back muscles), and postural control (involving
exercises to develop motor control of upper limb and
the cervico-thoracic spine). Also, in this case sling care
information was delivered.

The interventional programs were performed individu-
ally and lasted twelve weeks: both groups were involved
in three, individual 1- h sessions a week of physical
training (medium intensity), attending a total of 36
meetings; moreover, the experimental group met with
the occupational therapist once a week for a 60-min ses-
sion. At the end, participants were asked to actively per-
form the learnt exercises at home. During each session
and at the end of the programs, a fidelity check, based
on a treatment manual for the administration of exercise
training, was carried out. This was necessary in order to
control for variability in the treatment administration
throughout the entire trial.

Full description of both interventions is available in
the Appendix.
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The patients, once accepted for the program, did not
receive any other treatments (e.g. physical modalities,
shoulder injections or nerve blocks); they were not
allowed to take drugs such as steroids, opioids, anticon-
vulsants and antidepressant analgesics. However, they
were allowed to take mild analgesics (e.g. acetamino-
phen) and non-steroidal anti-inflammatory drugs. Gen-
eral Practitioners were also asked to avoid prescribing
any other treatments while the participants were in-
volved in the programs. Spouses, partners or parents
were invited to encourage patients’ compliance through-
out the study and to promptly notify staff of any compli-
cation or difficulty experienced by the patient, in order
to enhance treatment adhesion and reduce drop-outs. In
order to enhance compliance, the participants also filled
out a diary, which was checked by the physiotherapists
every week, after each training session.

Outcome measures

Disability (considered as the primary outcome) was eval-
uated via the validated Italian version of the self-
administered 30-item Disability Arm Shoulder Hand
questionnaire (DASH) [13, 14], which allows a compre-
hensive evaluation of upper limb problems; in the afore-
mentioned questionnaire the total score ranges from 0
(no disability) to 100 (maximum disability). The work-
related troubles subscale (4-item tool, DASH work; sec-
ondary outcome) was also completed; the total score
varies again from O (no limitation on the patient’s ability
to work) to 100 (maximum limitation).

Pain intensity (secondary outcome) was collected with
the 11-point Numerical Rating Scale (NRS) ranging from
0 (no pain at all) to 10 (the worst imaginable pain) [15].
Patients were asked to evaluate their current pain.

QoL (secondary outcome) was evaluated with the use
of the Italian version of the self-administered Short-
Form Health Survey (SF-36). This measure is made up
of eight different domains and scores were calculated on
the basis of the User’s Manual for the Italian version, for
which 0 represents the worst perceived QoL, and 100
the best perceived QoL [16, 17].

The scales were completed in 4 different times: before
surgery and rehabilitation programs, 12 weeks later
(post-training; primary endpoint), and 12 months (12 M
follow-up) after the end of rehabilitation (secondary
endpoint).

During the treatment period, the questionnaires were
administered by secretaries who checked them and
returned any uncompleted part to the patients for com-
pletion. At follow-up, the patients returned to the Re-
habilitation Unit or were contacted by phone by the
same secretaries in order to complete the questionnaires.
The secretaries administrating the questionnaires were
blinded to treatment allocation.
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At the end of the treatment, patients rated the efficacy
of the treatment using the Global Perceived Effect scale
(GPE; secondary outcome), by means of a 7-point Likert
scale (1 = helped a lot, 2 = helped, 3 = helped only a little,
4 =did not help, 5=made things a bit worse, 6 = made
things worse, 7 = made things a lot worse) [18].

Finally, using a specific form, we encouraged patients
to notify us of any serious symptoms they experienced.

We analyzed the distribution of white- and blue- collar
in the two groups, the DASH work values considering
the type of work (blue- vs. white- collar) and whether
the fracture was a work-related injury in order to avoid
potential bias due to job-related biomechanical overload
of the upper limb on returning to work. Specifically, we
included high-skilled jobs (i.e. professional, administra-
tive and managerial, clerical and sales) in the white-
collar group, whereas low-skilled workers (transport and
production workers and labourers) were in the blue-
collar group.

Statistics

We computed the sample size using the Italian version
of the DASH, considering a between-group difference of
8 points as clinically important [6]. Sixty patients were
required to guarantee 80% statistical power and 5% type
I error, considering a standard deviation of 16 points
[19]. To control for a drop-out of 10%, we enrolled 70
patients.

Linear mixed models for repeated measures (signifi-
cance level of 5%) were analysed of each of the outcome
measures. In this respect, group and time were entered
as fixed effects, the patients as a random effect and the
outcome measure as a dependent variable. Furthermore,
we considered the time by group interaction term in our
analyses. The linear mixed model was chosen in order to
better deal with missing data since an intention-to-treat
analysis was performed [20, 21]. Between-group differ-
ences at the end of the intervention and at follow-up
were also investigated for both disability and other
measures.

As GPE is a categorical measure, we analyzed it by
using the Mann—Whitney U test. In order to evaluate
the independence between nominal variables, we used
Pearson’s chi square test at baseline.

The data were analyzed using SPSS software, version
26.

Results

Recruitment and baseline data

The study flowchart is reported in Fig. 1. No problems
of crossover were shown as no participant requested to
change groups. Baseline demographic, clinical character-
istics and patient-rated outcomes are reported in Table 1
and Table 2.
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CONSORT 2010 Flow Diagram
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Fig. 1 Participants’ CONSORT flow chart
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Demographics and preoperative clinical characteristics
The sample consisted of 70 patients with a mean age of
49 + 11 years (range: 23—67 years). 58,6% (n=41) were
females. 60% (n=42) of the patients worked as em-
ployees and 47.1% (n=33) had a middle school educa-
tional level.

Concerning the preoperative clinical characteristics,
55,7% (n = 39) of the patients were right-arm dominants
and the injury occurred to the dominant arm in 56%
(n=22) of them. Whereas for left-arm dominants (44,
3%, n=31) the injury occurred to the dominant arm in
51,6% (n=22) of them. Blue collars represented 53%
(no. 37) of the sample, while white collars 47% (no. 33).
Blue and white collars were equally distributed in the ex-
perimental and control group: 18 blue collars and 17
white collars, and 19 blue collars and 16 white collars,
respectively.

Our sample showed mean DASH score of 85.76 (SD =
7.52), DASH-WORK =92.05 (SD=6.89), NRS=7.59

(SD =1.51), SF-36-physical functioning=30.29 (SD =
24.40), SF-36-physical role =22.14 (SD =33.12), SF-36-
bodily pain =22.47 (SD =15.22), SF-36-general health =
33.57 (SD=14.37), SF-36-vitality =30.00 (SD =17.94),
SF-36-social functioning =45.54 (SD =11.86), SF-36-
emotional role =14.29 (SD =20.91), and SF-36-mental
health = 36.40 (SD = 13.26).

Outcome measures

The analysis showed a significant effect of time, group,
and time by group interaction for all outcome measures
(Tables 3 and 4). Furthermore, since no differences ap-
peared from demographics, the analyses on intervention
effects were unadjusted.

Primary outcome

Both groups improved over time in terms of dis-
ability (see Fig. 2), changing from 71 to 29% and to
20% in the experimental group and from 71 to 42%
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Table 1 Baseline demographic and clinical characteristics (n=70)
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Experimental group (n = 35)

Control group (n =35)

Age (Mean; Standard Deviation) 50.57 (11.39)

Sex Male 13

Female 22
Employment Self-employed 15

Employed 20
Education level Primary school 3

Middle school 16

High school 10

University 6
Physical activity Yes 9

No 26
Arm injured Left 17

Right 18
Dominant arm Left 16

Right 19
Type of drug used Analgesics 7

NSAIDs 15

Muscle relaxant 13
Smokers Yes 16

No 19
Married Yes 26

No 9

M (SD)

DASH (0-100) 85.09 (7.65)
DASH - WORK (0-100) 93.04 (7.23)
NRS (0-10) 746 (148)
SF-36 Physical function (0-100) 3329 (21.17)
SF-36 Physical role (0-100) 4 (34.18)
SF-36 Bodily pain (0-100) 2237 (13.22)
SF-36 General health (0-100) 3443 (19.94)
SF-36 Vitality (0-100) 3043 (18.96)
SF-36 Social function (0-100) 4536 (12.89)
SF-36 Emotional role (0-100) 15.24 (21.91)
SF-36 Mental health (0-100) 4 (13.94)

4771 (10.95)

16

19

13

2

3

17

11

4

13

2

16

19

15

20

6

14

15

24

11

28

7
95% Cl M (SD) 95% CI
8246-87.72 8643 (744) 83.87-88.99
90.55-95.52 91.07 (6:48) 88.84-93.30
6.95-7.97 7.71 (1.54) 7.18-824
26.04-40.54 27.29 (27.29) 17.91-36.66
10.40-33,88 2214 (32.52) 1097-33.32
17.83-26.91 2257 (17.19) 16.67-2847
2930-39.56 32.71 (13.95) 27.92-3751
23.92-36.94 2957 (17.12) 2369-3545
40.93-49.79 4571 (1091) 41.97-49.46
7.71-22.76 1333 (20.13) 642-2025
3235-4193 3566 (12.70) 31.29-40.02

Note: DASH Disability Arm Shoulder Hand questionnaire; NRS Numerical Rating Scale; NSAIDs Non-steroidal anti-inflammatory drugs;

SF-36 Short-Form Health Survey.; M Mean; SD Standard Deviation

and to 36% in the control group at the end of re-
habilitation (primary endpoint) and at follow-up
(secondary endpoint), respectively. As shown in
Table 4, a between-group difference of 13.1 (95%
CI 4.69; 21.57) points was found for DASH at the
end of rehabilitation (primary endpoint) and this
difference further increased to 16.0 points (95% CI
7.26; 24.66) at follow-up (secondary endpoint).

Secondary outcomes

Significant improvement was found in the experi-
mental group for DASH work, with a between-group
change after training of 18.1 (95% CI 7.80; 28.57) at
the end of rehabilitation (primary endpoint) and of
19.8 (95% CI 9.03; 30.45) at follow-up (secondary
endpoint). The significant interaction effect indicates
the experimental group achieved significantly larger

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Monticone et al. BMC Musculoskeletal Disorders (2021) 22:293 Page 7 of 11
Table 2 Patient-rated outcomes before rehabilitation (n = 70)
Measures Before rehabilitation

Experimental group (n =35) Control group (n=35)

M (sd) 95% Cl M (sd) 95% Cl
DASH (0-100) 70.57 (15.72) 65.17-75.98 71.10 (16.33) 65.49-76.71
DASH - WORK (0-100) 78.75 (23.00) 70.85-86.65 78.04 (23.99) 69.80-86.28
NRS (0-10) 6.31 (246) 547-7.16 643 (244) 5.59-7.27
SF-36 Physical function (0-100) 3243 (19.26) 25.81-39.05 30.57 (21.58) 23.16-37.99
SF-36 Physical role (0-100) 27.14 (30.54) 16.65-37.63 29.29 (27.44) 19.86-38.71
SF-36 Bodily pain (0-100) 37.37 (19.59) 30.64-44.10 3537 (18.84) 28.90-41.84
SF-36 General health (0-100) 42.57 (14.06) 37.74-47 40 45.14 (1047) 4155-4874
SF-36 Vitality (0-100) 47.29 (20.09) 40.39-54.19 1(17.53) 45.69-57.74
SF-36 Social function (0-100) 51.79 (13.26) 47.23-56.34 47.14 (10.09) 43.68-50.61
SF-36 Emotional role (0-100) 2857 (26.99) 19.30-37.84 2667 (27.77) 17.13-36.21
SF-36 Mental health (0-100) 46.74 (16.88) 40.94-52.54 42.74 (14.32) 37.82-47.66

Note: DASH Disability Arm Shoulder Hand questionnaire; NRS Numerical Rating Scale; SF-36 Short-Form Health Survey; M Mean; sd Standard Deviation

improvement over time with respect to the control
group.

Significant improvement was found in the experi-
mental group for NRS, with a between-group change
after training of 2.8 at the end of rehabilitation

Table 3 Patient-rated outcomes at individual time points

(primary endpoint) and of 2.9 at follow-up (secondary
endpoint). The experimental group achieved signifi-
cantly larger improvement over time with respect to
the control group as showed by the significant inter-
action effect.

Measures Before rehabilitation After 12 weeks Follow-up 12 months
Experimental Control group  Experimental Control group  Experimental Control group
group (n=35) (n=35) group (n=35) (n=35) group (n=35) (n=35)

M(sd) 95% M (sd) 95% M (sd) 95% M (sd) 95% M (sd) 95% M (sd) 95%
Cl Cl cl Cl Cl Cl

Disability Arm Shoulder Hand 7057  6517- 7110  6549- 2865  21.15- 4178  3365- 2006 1209- 3602  27.80-

questionnaire (0-100) (15.72) 7598  (1633) 76.71 (21.16)  36.15 (2329) 4991 (22.10) 28.03 (2242) 4424

Disability Arm Shoulder Hand 7875 70.85- 7804 69.80- 5038 41.08- 6857 59.87- 3691 27.14- 5665 46.98-

questionnaire — WORK (0-100) (23.00) 86.65 (2399) 8628 (26.24) 5968 (2493) 77.26 (27.10) 46.68 (26,37) 6632

Numerical Rating Scale (0-10) 6.31 547- 643 559- 358 290- 632 549- 244 175- 5352, 451-
(246) 7.6 (244 727 (190) 425 (2400 7.6 (190) 312 30) 6.20

SF-36 Physical function (0-100) 3243 2581- 3057 2316 7167 6745- 4735 4353- 79.84 7544- 58.06 5221-
(19.26) 3905 (21.58) 3799 (1190) 7589  (1096) 51.18  (12.21) 8425 (1595) 6392

SF-36 Physical role (0-100) 2714 1665- 2929 1986- 7045  63.64- 5588  50.18- 8047  7549- 5806  50.81-
(30.54) 3763 (27.44) 3871 (19.22) 7727 (1635) 6159 (13.82) 8545 (19,78) 65.32

SF-36 Bodily pain (0-100) 3737  3064- 3537  2890- 4876  4289- 2997  2519- 5688  51.95- 3471 29.79-
(1959) 4410 (1884) 4184  (16.55) 5463 (13.70) 3475 (1367) 6180 (1342) 3963

SF-36 General health (0-100) 42.57 37.74- 4514 41.55- 56.82 5348- 4500 40.99- 6438 60.13— 4548 40.81-
(14.06) 4740  (1047) 4874  (942) 60.16 (11.48) 4901 (11.76) 6862 (12,74)  50.16

SF-36 Vitality (0-100) 47.29 4039- 5171 4569- 66.82 61.34- 5206 4745- 7875 7363- 5258 47.73—
(20.09) 5419  (1753) 5774  (1545) 7230 (13.21)  56.67 (14.20) 83.87 (1322) 5743

SF-36 Social function (0-100) 51.79 4723—- 47.14 4368- 6932 61.02- 5846 51.20- 80.08 7524—- 5847 52.74-
(1326) 5634  (1009) 5061  (2340) 7762 (2081) 6572 (1342) 8492 (1561) 64.19

SF-36 Emotional role (0-100) 2857 19.30- 2667 1713- 7374 64.99- 3922 3040- 8438 7631- 4731 3851-
(2699) 3784  (27.77) 3621 (2466) 8248 (25.25) 4808 (2238) 9244 (24,00) 56.11

SF-36 Mental health (0-100) 46.74 4094- 4274 37.82- 7552 7125- 5753 5243- 76.13 7047- 58.19 52.92-
(1688) 5254  (1432) 4766  (1202) 79.78 (1461) 6263 (1569) 81.78 (1438) 6347

Note: M Mean; sd Standard Deviation; DASH Disability Arm Shoulder Hand questionnaire; NRS Numerical Rating Scale; SF-36 Short Form Health Survey; group 1=

Experimental group (n = 35); group 2 = Control group (n = 35)
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Fig. 2 DASH changes over time. Line graphs showing changes of the two groups from before rehabilitation and throughout follow-up. Error bars

As for SF-36, significant improvements were shown in
the experimental group, with between-group changes
ranging from 10.9 up to 34.5 points considering all do-
mains at the end of rehabilitation (primary endpoint);
these differences further improved at follow-up (second-
ary endpoint), ranging from 17.9 up to 37.0. Again, the
significant interaction effect indicates the experimental
group achieved significantly larger improvements over
time with respect to the control group.

The experimental group had a median GPE signifi-
cantly lower (1; higher effectiveness of treatment) than
the control group (3) (U =5.879, p<0.001) at the end of
treatment (primary endpoint).

The analysis showed there were no significant differ-
ences in DASH work levels by the type of work and the
origin of the injury.

Adherence to interventions and adverse effects

Our interventions revealed high rates of adherence to in-
terventions during treatment at the Rehabilitation Unit
(95%) and at home (90%). Adverse effects consisted of
pain worsening (experimental group: n=5, control
group: n =7), easily managed by symptomatic drugs and
brief resting periods.

Discussion
The rehabilitation program that involved task-oriented
exercises and occupational therapy (experimental group)
was superior to general physiotherapy (control group) in
improving disability, pain, and the quality of life of work-
ing patients with surgically treated PHFs. The between-
group difference was clinically meaningful for our pri-
mary outcome (DASH > 10) [14]. Improvements lasted
for at least 12 months after the end of the intervention.
Patients need fast recovery and optimization of post-
surgery rehabilitation despite evidence on exercises char-
acteristics is still missing [6, 22]. Both approaches ana-
lyzed in this study allowed a rapid mobilization of the
upper limb, adding evidence to early physical interven-
tions, and being in contrast to a previous study which
found no difference between 2 week versus 3 weeks
immobilization [23]. Also, task-oriented exercises
showed better estimates on disability. Probably, as these
kinds of exercises improve functional outcomes and
allow for a faster return to normal activities, they gener-
ate positive attitudes towards active training and recov-
ery of physical performance in patients. In addition, this
study specifically investigated job-related techniques,
preferences and amount of time spent during common
performances, as per DASH-work subscale. Interestingly,

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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we found that task-oriented exercises were more effect-
ive when carried out under conditions alike the ones en-
countered during job activities. Satisfactory levels in
disability were maintained until the end of follow-up,
with higher estimates in favour of the experimental
group, confirming the possibility of implementing these
exercises during common work activities the patients
returned at.

In both groups pain perception had reduced by the
end of treatment and follow-up periods. This reflects the
positive combined effect of surgery and exercises [24].

This study showed that the treatment group had cor-
related benefits on both physical and mental dimensions
of the SF-36. These results confirm the significant role
of this novel rehabilitation program in enhancing mental
features such as vitality and emotional role. The results
of the comparison between experimental and control
groups showed the superiority of the intervention. This
result can be interpreted in the light of the patients’ per-
ception of the intervention as a better solution to the
problems experienced after PHF, also in relation to the
work activities previously performed.

Patients suffering from PHFs tend to be frail [6].
Therefore, we chose an outpatient setting involving dif-
ferent rehabilitation professionals such as physiatrists,
physiotherapists, and occupational therapists, the first
mainly dedicated to physical examination and the others
to the delivering of exercises and ergonomic principles,
respectively. Each professional was dedicated in particu-
lar to the rehabilitation needs of patients and their
working environment. Furthermore, the proposed ex-
perimental program is to be considered low cost, as the
Italian health system has quantified the cost of the
complete rehabilitation program in about 350 euros\per
person. This program is focused on segmental exercises
and although it is slightly more expensive than trad-
itional Italian approaches, the positive effects on pain,
disability, and QoL highlighted in this study suggest how
it might also play a crucial role in preventing additional
costs related to the use of drugs or requests for assist-
ance and limitations in work. Our randomized con-
trolled trial had adequate sample size and we were able
to understand the distinct effects in both groups. Also, it
was based on (1) concealed randomization, (2) blinded
data collection, and (3) effective masking of assessors
and analysts. The small number of dropouts from either
group, also suggests that the patients were determined
and motivated to adhere to all treatment phases. Prob-
ably, support offered by both staff and patients’ relatives
was a central in creating a controlled and protected
context.

The population enrolled displayed clinical and socio-
demographic characteristics similar to patients with
PHFs and undergoing conservative or surgical treatment
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in Italy and the United Kingdom [25, 26]. However, out-
come measures slightly differed in the above studies and,
therefore, a full comparison cannot be stated, therefore
this fact partially limits the generalizability of our results.
The DASH levels by the type of work and the origin of
the injury showed that the effectiveness of the treatment
is independent of the category of work performed and
the origin of the injury (work-related or non-work-
related).

Despite encouraging results, this study has some limi-
tations. First, we did not investigate their relationships
with physical measures or tests so we used only self-
reported measures. Second, issues regarding treatment-
time differences between the treatment groups due to
the occupational intervention may be raised. Third,
treatment expectations were not discussed with the pa-
tients and during the recruitment this confounding fac-
tor was only partially limited by telling the patients that
the efficacy of both treatments was unknown, and that
both methods might benefit the patient by increasing
their function. Fourth, despite the focus being on
workers, return to work was not included as an outcome
measure; researchers are recommended to include it in
future studies. Finally, physiotherapists were not blinded
to treatment and, therefore, a performance bias could
not be excluded [27].

Conclusion

The findings propose an intervention based on task-
oriented exercises as a more effective and long-lasting
way to regain disability, pain and quality of life after
surgically-treated PHFs rather than a program that in-
volves general exercises where arm deficits are trained as
separate components. Therefore, general physiotherapy
should be progressively avoided in clinical practice, in
favour of exercises which promote functional outcomes
in order to guarantee earlier returns to pre-fracture
physical levels. Future research should verify the useful-
ness of task-oriented exercises in younger and older pa-
tients after PHFs.
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