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Fifty-nine per cent of surgeons did not limit full flexion 
within the first 2 weeks. Most surgeons advise to wait until 
4 months or more (97 %) for return to sports not requiring 
contact, and 6 months or more for full-contact sport (86 %).
Conclusions This survey demonstrates clear trends in the 
practice of ACL reconstruction and rehabilitation in Italy. 
The data obtained from the SIGASCOT members revealed 
a more conservative approach when compared to the cur-
rent approaches of “ACL Study Group”.
Level of evidence Cross-sectional survey, Level III.

Keywords Anterior cruciate ligament · Rehabilitation · 
Italy · Survey

Introduction

Examination of practice patterns over time can reveal 
changes in surgical decision-making and technique [29]. 
Over the past decades, there has been significant modifica-
tion both in surgical technique and in methods of rehabili-
tation of anterior cruciate ligament reconstruction (ACL). 
This trend can be aided by a number of factors, includ-
ing geography, level of experience, refinement of surgi-
cal technique, instrumentation, and implant devices, and 
better understanding of ACL anatomy. Although the data 
from a systematic review of randomized controlled trials 
suggested that graft choice may not be the primary deter-
minant of successful results after ACL surgery [34], there 
is still some debate regarding the type of graft used, its 
positioning and fixation method. In recent years, there has 
been a significant shift in the graft choice from patellar 
tendon (PT) autograft to hamstring (semitendinosus/graci-
lis) tendon (HT) autograft due to lower donor-site morbid-
ity rates [2, 3, 16]. Similarly, rehabilitation following ACL 
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reconstruction has undergone considerable changes. Attrib-
utes of graft material, graft fixation and specific morbidities 
are important factors in determining the rehabilitation pro-
tocol. Accelerated rehabilitation programmes that suggest 
early restoring of the range of motion and early loading are 
widely accepted today [21], but were designed according 
to PT use [32]. Soft tissue recovery of HT grafts requires at 
least 8–12 weeks, and accelerated rehabilitation protocols 
may improve graft-tunnel movement during this period 
[17]. Yet, it is not clear what kind of changes is required to 
be made in rehabilitation protocols.

Although several surveys of current practice of ACL 
reconstruction exist, there is no available study on the graft 
type, surgical method and rehabilitation approach preferred 
by orthopaedic surgeons in Italy. Surveys have been fre-
quently used to collect data on beliefs, attitudes and behav-
iours of physicians [19]. A web-based survey was devel-
oped to investigate the attitudes of a large community of 
orthopaedic surgeons (members of the SIGASCOT, Soci-
età Italiana del Ginocchio Artroscopia Sport Cartilagine 
Tecnologie Ortopediche) in terms of graft type, surgical 
method and post-operative care in ACL reconstruction. 
The expansion of the Internet and the diffusion of web-
based tools have made online surveys a simple and reason-
able technology for collecting preferences and opinions 
about several topics and hence for contributing to medical 
knowledge and clinical practice [4, 28]. There is compel-
ling evidence that electronic and paper-and-pencil surveys 
deliver equivalent measures [14], and sometimes electronic 
ones are more reliable [7]. The aim of this paper was to 
report the preferences of Italian surgeons relating to ACL 
reconstruction and rehabilitation, and to compare surgical 
applications and rehabilitation approaches of Italian sur-
geons to the current approaches of “ACL Study Group” that 
represents a worldwide society of ACL experts. A second-
ary purpose of this study was to compare the preferences 
of subgroups based on graft choice, surgical techniques and 
number of ACL reconstruction operations performed per 
year.

Materials and methods

Questionnaire design

The questionnaire (“Appendix”) consisted of 15 questions 
covering the following topics: the type and number of ACL 
reconstruction operations performed; graft type used; post-
operative rehabilitation programmes; whether patients were 
braced or not; full loading duration; and starting time for 
specific exercises and activities. In questions on duration of 
loading, full flexion limitation, and the starting time of spe-
cific activities and exercises, choices were categorized to 

provide a standard and to facilitate the completion of ques-
tionnaire forms. The survey was prepared by four orthopae-
dic surgeons and one physiatrist involved in the research 
team; the drafting process included several iterations 
within the research team. An open-source platform (https://
drive.google.com) was configured to collect the responses 
anonymously.

Study sample

A national association specialized in sports traumatology 
and knee surgery (SIGASCOT) was contacted. This associ-
ation has more than 850 members, with 88 % of the mem-
bers being orthopaedic surgeons. All people in the official 
mailing list of the SIGASCOT association were consid-
ered eligible, and authorization was gained to contact them 
without prior consent. On the basis of the mailing list, 
778 personalized invitations were sent (target population). 
Members of the SIGASCOT association were contacted by 
email twice: the first time to present the research initiative 
and to invite each member to participate in the initiative 
by completing the online questionnaire; the second time to 
send a reminder to join the initiative. The survey was kept 
open for 30 days, from 30 June to 30 July 2015; on 13 July, 
the reminder email was sent and this produced further 53 
(71 %) responses.

Statistical analysis

Data obtained from the completed questionnaires were 
entered into a comprehensive database developed using 
the Microsoft Excel Package Office 2013. The final data 
were analysed using summary statistics available within 
the database and the Microsoft Excel package. Response 
rates are summarized in terms of proportions of respond-
ents. The Pearson Chi-square test and Fisher’s exact test 
were used to study the association between number of 
reconstruction operations performed, graft type used, type 
of surgery and selection of treatments. A p value lower than 
0.05 (p < 0.05) was considered statistically significant. Sta-
tistical analysis was performed using PSPP software (Free 
Software Foundation, Inc.) for windows.

Results

At the end of the survey, 131 completed questionnaires 
(17 % of the target population) were collected. The survey 
results are summarized in “Appendix”.

The most popular graft type was HT (81.1 % in male 
patients and 91.2 % in female patients). When ACL recon-
struction in professional athletes was considered, 49.6 % of 
the surgeons used PT graft, while 44.8 % used HT graft. 

https://drive.google.com
https://drive.google.com
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In total, 56.0 % of the surgeons use the same graft regard-
less of the sport practiced. Among the surgeons who chose 
PT graft in male patients, a significantly higher rate of 
responders preferred to start quadriceps strengthening open 
kinetic chain exercises between 90° and 40° after 6 months 
(Fig. 1, p = 0.011). There was no statistically significant 
difference in any of the other answers between the starting 
times of specific activities determined for two most popular 
graft types.

Regarding the surgical technique used, the best ranked 
technique to perform the femoral tunnel was transtibial 
(60.5 %); a single-band technique was preferred to a dou-
ble-band technique. The most popular femoral fixation 
technique was found to be cortical suspension (51.2 %). 
Among the surgeons choosing expansion for femoral fixa-
tion, a significantly higher rate of responders used to brace 
patients (Fig. 2, p = 0.035). A significantly higher rate of 
surgeons who chose compression for femoral fixation pre-
ferred to start quadriceps strengthening open kinetic chain 
exercises between 90° and 40° after 6 months (Fig. 3, 

p = 0.046). There were no other significant association 
between response rates considering post-operative applica-
tions and surgical technique.

Considering post-operative routine applications, half 
surgeons routinely used a brace (49.2 %). The rate of con-
tinuous passive motion (CPM) use was 55.1 %. There was 
a significant reverse association between the CPM use and 
the number of reconstruction operations performed per 
year (Fig. 4, p = 0.003). Starting times for specific activi-
ties/exercises are given in “Appendix”.

Discussion

The most important finding of the present study consists in 
the possibility to delineate trends between the SIGASCOT 
members regarding ACL reconstruction and rehabilitation. 
In the current survey, preference rate for the HT graft was 
observed to be very high, although a recent meta-analysis 
has concluded that the current evidence is insufficient to 
recommend whether a PT graft or a HT graft is better for 
ACL reconstruction [27]. The lower donor-site morbidity 
seen in the literature in case of HT graft could be a fac-
tor driving surgeons’ preferences [2, 3, 16]. In ACL study 
group, preference rate for HT grafts was 56 %. Middle-
ton et al. [26] reported a preference rate for HT grafts of 
53 % among orthopaedic surgeons participating at five 
panels of the 2011 Panther Global Summit on anatomic 
ACL reconstruction held in Pittsburgh, Pennsylvania. PT 
autografts were used 23 % of the time, allografts were used 
13 % of the time, and quadriceps tendon autograft recon-
structions were performed 11 % of the time [26]. When 
ACL reconstruction in professional athletes was consid-
ered, the preferences of respondents to the survey were 
distributed evenly between PT and HT graft. This finding 
is supported by a recent systematic review reporting no 
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Fig. 1  Correlation between graft utilized in the reconstruction of the 
anterior cruciate ligament in male patients and time to allow strength-
ening open kinetic chain quadriceps between 90° and 40°. The data 
reveal a Chi-square statistic of 11.207 (p = 0.011)
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Fig. 2  Correlation between type of femoral fixation and brace utili-
zation. The data reveal a Chi-square statistic of 6.699 (p = 0.035). CS 
cortical suspension, CCS cortico-cancellous suspension
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noticeable differences in time to return to sport based on 
the type of graft, with most of the studies reporting values 
of 6–9 months [1, 40].

Another important finding of the present study was that 
Italian surgeons seemed to embrace a more conservative 
approach in terms of starting times for full range of motion, 
weight-bearing, stationary cycling and cutting sports, post-
operative brace and CPM use if compared to the current 
trends of the “ACL Study Group”. According to the results 
obtained from our questionnaire, the use of post-operative 
brace was more common in comparison with “ACL Study 
Group”. Brace use was preferred at a rate of 35 % in “ACL 
Study Group”, while this rate rises to 49 % in our country. 
However, the “ACL Study Group” reported an increase in 
number of brace prescribers when compared to previous 
surveys. Similar studies made in Australia [9], Turkey [5], 
and UK [11] revealed a post-operative brace user rate of 58, 
54.3 % for HT and 60 % for PT graft, and 30 %, respec-
tively. With regard to the brace use, there is no evidence in 
the literature to support the preferences of the respondents. 
Post-operative bracing has not been found to improve ACL 
recovery and rehabilitation. Two systematic reviews and a 
recent update of a systematic review of level 1 and level 2 
studies regarding ACL reconstruction rehabilitation investi-
gated the efficiency of brace use [20, 33, 37] and reported 
that bracing did not protect against post-operative injury, 
decrease pain, alter range of knee motion, or improve knee 
stability. Lindström et al. [22, 23] found that a 3-week 
post-operative brace after HT ACL reconstruction does not 
affect laxity, range of motion, subjective and functional test 
results or muscular cross-sectional area 1 year after sur-
gery, as well as the presence of joint effusion three months 
after surgery. Conversely, Vadalà et al. [36] reported that 
full extension brace utilization for 2 weeks after HT ACL 
reconstruction might reduce bone tunnel expansion.

CPM use was preferred at a rate of 39 % in “ACL Study 
Group”, while this rate was 55 % according to the results 

obtained from our questionnaire. Interestingly, there was 
significant reverse association between the CPM use and 
the experience of respondents. This result is not surprising, 
given the results of six randomized trials evaluating CPM 
for the rehabilitation of the ACL-reconstructed knee [8, 24, 
25, 30, 31, 39]. No long-term benefits were determined for 
CPM. Given these studies, post-operative CPM was not 
included as part of the original or revised MOON protocol 
for rehabilitation after ACL reconstruction [37].

With regard to home-based ACL rehabilitation, the pref-
erence observed was slight. In a randomized clinical trial, it 
was found that patients who participate in a predominantly 
home-based rehabilitation programme in the first 3 months 
after ACL reconstruction have similar short- and long-term 
outcomes compared with those patients who participate in 
a more clinically supervised programme [12, 13].

With reference to the starting time for specific activities 
and exercises, SIGASCOT members were more conserva-
tive than the ACL Study Group. Whereas three-quarters 
(77 %) of the ACL Study Group allowed full range of 
motion after ACL reconstruction, 41 % of SIGASCOT 
members limited the flexion at different durations and 
degrees within the first 2 weeks. In a randomized controlled 
trial, Ito et al. [18] reported no increased subsequent lax-
ity associated with ROM exercises immediately after ACL 
reconstruction with hamstring autograft.

While a third of surgeons allowed patients to load 
the operated knee as much as tolerated within the first 
2 weeks, other surgeons limited the loading at different 
durations. One randomized trial compared the efficacy of 
immediate weight-bearing versus a delay of 2 weeks fol-
lowing autograft PT ACL reconstruction [35] and found 
no deleterious effects of early weight-bearing on stability 
or function and that anterior knee pain may be decreased 
by earlier recruitment of the vastus medialis oblique when 
weight-bearing.

Only 33 % of SIGASCOT members allowed station-
ary cycling by 4 weeks, and only 16 % allowed jogging 
by 8 weeks compared to 79 % and 39 % of the ACL Study 
Group members, respectively. Dauty et al. [6] compared 
patients in a 2-month running retraining programme with 
controls after ACL reconstruction. Running retraining 
occurred between the fourth and sixth weeks after surgery. 
There were no differences in KT1000, Lysholm and Teg-
ner scores between the groups after 2 months of training. 
The PT group had weaker isokinetic strength in exten-
sion, and the HT group had weaker isokinetic strength in 
flexion.

The majority of orthopaedic surgeons (88 %) preferred 
to start quadriceps strengthening open kinetic chain exer-
cises between 90 and 40° after 6 weeks. The literature sup-
ports this finding by showing that open-chain activities after 
6 weeks may improve strength without adversely affecting 
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the graft and/or increasing graft laxity [10, 15]. There is 
currently insufficient evidence on the safety of open-chain 
knee exercises before 6 weeks post-surgery [38].

In accordance with the literature, almost three-quarters 
(70 %) of the respondents preferred to start isokinetic 
exercises for strengthening after 2 months. Vadalà et al. 
[36] randomized forty-five patients after ACL reconstruc-
tion with HT to either accelerated rehabilitation (immedi-
ate knee motion and isometric and isotonic exercises), or 
standard rehabilitation (active knee motion after 2 weeks, 
isotonic and isokinetic exercises after 6 weeks). The 
authors reported increased tibial and femoral tunnel diam-
eters and at 10 months of follow-up in the accelerated reha-
bilitation group.

While cutting sports by 6 months in ACL study group 
was permitted by 66 %, 14 % of SIGASCOT members 
allowed return to sports requiring contact between months 
4 and 6, and 73 % between months 6 and 8. These differ-
ences are interesting, but difficult to explain. Given some of 
the concerns raised about accelerated rehabilitation of HS 
ACL reconstruction, and the high preference rate for the 
HT graft observed in the current survey, one might antici-
pate a more conservative approach among SIGASCOT 
members. However, no statistically significant difference 
was found between the surgeons’ rehabilitation approaches 
after HT and PT use.

The main limitation of this study concerns the low 
response rate with respect to the generic population of 
orthopaedic surgeons as this affects the risk of a heavy 
non-response bias. This could be due to a high number of 
surgeons not involved in knee surgery, residents and non-
orthopaedic members and no-active members. The mem-
bers that really support the society are about the 60 %. 
Moreover, this was the real first example of a survey sent 
by the society to the members; the low rate of answer can 
be explained by the novelty of such approach for SIGAS-
COT members. Furthermore, many of SIGASCOT mem-
bers are not involved in academic hospital as they work 
in a private setting, and probably, these members are not 
interested on research or scientific papers. Despite the fact 
that this issue could have lowered the reliability of the 
results, it should be, however, highlighted the high number 
of responders. In fact, one of the most influential survey on 
orthopaedic practice [4, 28] performed on European scale 
by the ESSKA involved 412 responders that represents 
only about the threefold of the 131 responders of the pre-
sent National survey. Other survey of Turkish [5], British 
[11] and Australian [9] societies involved even a widely 
lower number of responders (39, 101 and 38 responders, 
respectively).

Another limitation of this study is that thirty-seven 
per cent of the respondents annually performed less 
than 25 ACL reconstructions. However, the number of 

reconstruction operations performed per year was related 
only to CPM use, and there were no other significant asso-
ciation between response rates and experience of respond-
ers considering post-operative applications.

The main clinical relevance of this study is that infor-
mation on collective agreement could be used by surgeons 
when counselling patients on the post-operative treatments 
that are available after ACL reconstruction. For vari-
ables on which agreement is poor or moderate, surgeons 
may advise patients about the variability of choice among 
SIGASCOT members. Conversely, for variables on which 
a good agreement is achieved, surgeons may confidently 
advise patients that there is consensus about the treatment 
that should be chosen in cases similar to the one under 
discussion.

Conclusions

The present study is the first conducted in Italy to report 
the preferences of Italian surgeons regarding ACL recon-
struction and rehabilitation. The results obtained from 
the study revealed a more conservative approach among 
SIGASCOT members when compared to the current 
approaches of “ACL Study Group”, in terms of starting 
times for full range of motion, weight-bearing, stationary 
cycling and cutting sports, and post-operative brace and 
CPM use.
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Appendix: Study questionnaire with summarized 
results

(1) How many ACL reconstructions are you performing per year?

<25 25–50 50–100 More than 100

37.2 % 28.7 % 22.5 % 11.6 %

(2) What type of graft you use preferably in the reconstruction of the 
anterior cruciate ligament in male patients?

Patellar 
tendon

Hamstring 
(semiten-
dinosus/
gracilis) 
tendons

Quadriceps 
tendon

Allograft Artificial 
ligament

16.5 % 81.1 % 0 % 1.6 % 0.8 %
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(3) What type of graft you use preferably in the reconstruction of the 
anterior cruciate ligament in female patients?

Patellar 
tendon

Hamstring 
(semiten-
dinosus/
gracilis) 
tendons

Quadriceps 
tendon

Allograft Artificial 
ligament

6.4 % 91.2 % 0 % 1.6 % 0.8 %

(4) What type of graft you use preferably in the reconstruction of the 
anterior cruciate ligament in professional athletes?

Patellar 
tendon

Hamstring 
(semiten-
dinosus/
gracilis) 
tendons

Quadriceps 
tendon

Allograft Artificial 
ligament

49.6 % 44.8 % 0 % 4.8 % 0.8 %

(5) Do you use the 
same graft regard-
less of the sport 
practiced?

Yes No

56.0 % 44.0 %

(6) What type of 
surgery you use 
preferably?

Double bundle Single bundle

7.0 % 93.0 %

(7) What type 
of surgery you 
use preferably 
to perform the 
femoral tunnel?

Transtibial Anteromedial 
portal

Out-in technique

60.5 % 29.0 % 10.5 %

(8) What type of femoral fixation you use preferably?

Compression Expansion Cortical sus-
pension

Cortico-
cancellous 
suspension

Others

11.2 % 24.0 % 51.2 % 4.0 % 9.6 %

(9) Do you routinely 
brace your patients 
post-operatively?

Yes No

49.19 % 50.8 %

If yes. What 
type of 
brace?

Mouldable Hinged Rigid

5.5 % 64.4 % 30.1 %

If yes. How 
long?

≤2 weeks 2–4 weeks 4–6 weeks ≥6 weeks

19.2 % 69.8 % 11.0 % 0.0 %

(10) What is 
the duration 
of loading 
post-opera-
tively?

≤2 weeks 2–4 weeks 4–6 weeks ≥6 weeks

As much as it 
is tolerated

33.0 % 44.4 % 20.9 % 1.7 %

Limited load-
ing

72.2 % 26.9 % 0.9 % 0.0 %

(11) Do your patients 
routinely use contin-
uous passive motion 
post-operatively?

Yes No

55.12 % 44.88 %

(12) Do you 
limit full 
flexion at 
the knee?

≤2 weeks 2–4 weeks 4–6 weeks ≥6 weeks

No 58.6 % 9.9 % 22.5 % 9.0 %

0°–90° 61.9 % 30.5 % 7.6 % 0.0 %

0°–45° 87.8 % 12.2 % 0.0 % 0.0 %

0°–20° 97.6 % 2.4 % 0.0 % 0.0 %

(13) Which of the below do you prefer following ACL reconstruc-
tion?

Home exercise programmes Professional rehabilitation pro-
grammes

10.2 % 89.8 %

(14) Do you have 
standard rehabilita-
tion programme?

Yes No

84.3 % 15.7 %

(15) When do you start below specific activities/exercises?

≤2 weeks 2–4 weeks 4–6 weeks ≥6 weeks

Proprio-
ceptive 
exercise

14.4 % 21.6 % 45.6 % 18.4 %

Exercise 
bicycle

2.4 % 30.4 % 50.4 % 16.8 %

≤4 weeks 4–6 weeks 6–8 weeks ≥8 weeks

Running in 
treadmill

1.6 % 9.6 % 37.60 % 51.20 %

Running in 
outside

0.8 % 2.5 % 12.3 % 84.4 %

≤6 weeks 6–12 weeks 3–6 months ≥6 months

Strengthening 
open kinetic 
chain 
quadriceps 
between 
90° and 40°

12.0 % 44.8 % 34.4 % 8.8 %

≤2 months 2–4 months ≥4 months never

Isokinetic 
exer-
cises for 
strengthen-
ing

29.8 % 44.4 % 21.8 % 4.0 %
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≤2 months 2–4 months 4–6 months 6–8 months 8–10 months 10–12 months >12 months

Sport-specific  
rehabilitation

3.2 % 29.8 % 56.5 % 9.7 % 0.8 % 0.0 % 0.0 %

Skills on sports not requiring 
contact

0.8 % 21.8 % 64.5 % 12.1 % 0.8 % 0.0 % 0.0 %

Skills on sports  
requiring contact

0.8 % 1.6 % 41.6 % 48.0 % 6.4 % 0.8 % 0.8 %

Return to sports not requiring 
contact

0.0 % 3.3 % 44.7 % 43.9 % 7.3 % 0.8 % 0.0 %

Return to sports  
requiring contact

0.0 % 0.8 % 13.6 % 58.4 % 20.8 % 6.4 % 0.0 %
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