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Abstract

Background: This study aims (1) to estimate the yearly number of Achilles tendon (AT) surgeries in Italy from 2001
to 2015 based on official hospitalization records; (2) to investigate the eventual presence of geographical variation
in equity in access to AT surgery between three macroregions of Italy (North, Center and South); (3) to perform
statistical projections of the number of AT procedure volumes and rates based on these data.

Methods: We analysed the National Hospital Discharge records (SDO) maintained at the Italian Ministry of Health
for a 15-year period, from 2001 through 2015. These data are anonymous and include the patient’s age (evaluated
in the class of age), sex, census region, the region of hospitalization, length of the hospitalization, public or private
reimbursement and diagnosis.

Results: During the 15-year study period, 118,652 AT repair were performed in Italy, whose peak of incidence was
in 2010. More than half of AT repairs was performed in the North of Italy (52.1%), while 27.2% was performed in the
South of Italy and 20.6% Center of Italy. The projection model predicted a slight growth of 2.65% in 2025 in
comparison with 2015.

Conclusion: The current study provides detailed information about the national population-weighted incidence of
AT surgery, distribution and projection. The peak of average age was 35-45 year. The majority of AT procedures was
performed in the North of Italy. The projection model predicts a slight growth of AT surgery by 2025. Furthermore,
this 15-year nationwide registry study shows that the age of incidence of AT injuries shifted from 30 to 40 to 35-45
years compared to the available literature. The higher prevalence of AT surgery was found in men during the
working age. Moreover, a low rate of procedures in pediatric and elder age classes was observed.
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Background

The Achilles tendon (AT) is the largest and strongest
tendon in the human body. AT ruptures account for
more than 40% of all tendon ruptures, and they are most
common in males [1]. The management of this type of
injury often demands surgical intervention [2—4].

AT ruptures can be distinguished into acute, when diag-
nosed or treated within 6 weeks, or chronic [2, 5]. How-
ever, since up to 25% of acute AT ruptures are
misdiagnosed, they become chronic after four to 6 weeks
and can not be handled as easily as acute ones [4, 6, 7].
The management of chronic AT ruptures is technically
more challenging due to the greater gap between the two
ends of the tendon and the degeneration of the contiguous
soft tissues [2, 5]. This complexity can be experienced es-
pecially in females who seem to have a higher rate of com-
plications, a longer recovery time and an increased risk of
further surgery [7—10]. Consequently, the quality of health
services and their efficiency in providing early diagnosis,
treatment and follow-up clinical care would be crucial in
avoiding delays in AT surgery [7-10].

It is known that spontaneous injuries are frequent and
occur more often in athletes than those who lead a sed-
entary life (in a ratio of 3:1) [1, 2, 5]. However, in the last
decade, some studies have reported a reversal of the
trend with an increase in the number of injuries in sed-
entary individuals ageing 30 to 40 years, in those who
play sport occasionally and in older adult engaged in
high-demand sports [1, 11-15]. A possible hypothesis
that could explain these variations in epidemiological
trends is to be found in the poor quality and reliability
of the data used. Indeed, countries without national
registry data can not infer statistics based on their own
results. However, the incidence of the disease is calcu-
lated from those of other regions, and this can lead to
substantial variations in rates. Unfortunately, compre-
hensive nationwide studies on incidence rates of AT sur-
gery have only been reported for Denmark from 1994 to
2013 [16], Sweden between 2001 and 2012 [14] and
Finland from 1987 to 2011 [17].

The epidemiological trend in the number of accesses to
surgery can be useful to evaluate the economic effects of the
disease and to analyse the costs and economic benefits, as
well as to monitor the history of the disease itself. Indeed,
the considerable decrease in the number of surgical proce-
dures observed in previous national studies can be explained
by the absence of significant differences between surgical and
non-surgical management of AT ruptures demonstrated by
recent high-quality studies [14, 17]. If further nationwide
registry study, statistical projections and forecasts for the fu-
ture could confirm these results showing that excellent clin-
ical outcomes can be achieved through conservative
treatment alone, a radical change in the management of AT
rupture management would be necessary [16, 17].
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Being aware that epidemiological trends are essential
as they can influence AT ruptures management proto-
cols, a national study was conducted to focus on the
economic and demographic impact of AT surgeries from
2001 to 2015 and statistical projections and forecasts
until 2025. To achieve these purposes, this investigation
was subdivided into three objectives. The first objective
was to estimate the annual number of AT surgical pro-
cedures in Italy from 2001 to 2015 based on official
hospitalization registers to provide valid and accurate
epidemiological data and to compare trends with all
available registry studies. The second objective was to
investigate whether there are differences between pa-
tients performing the surgery in the same region of resi-
dence and patients receiving the surgery in other regions
than their residence one to highlight the potential pres-
ence of a geographical variation in the number of ac-
cesses to AT surgery between three macro-regions of
Italy (North, Central and South). The third objective was
to make statistical projections of the number of volumes
and rates of AT repair procedures based on these data
until 2025 to contribute to defining the development
and clinical history of this disease.

Methods

Data from National Hospital Discharge records (SDO)
maintained at the Italian Ministry of Health for AT re-
pair (ICD-9-CM 8364) from 2001 to 2015 were collected
to perform this investigation. The anonymous data in-
cluded the patient’s age (evaluated in the class of age),
sex, census region (region of residence), the region of
hospitalization, length of the hospitalization, public or
private reimbursement and diagnosis. It was calculated
the annual number of AT repair in the whole Italian
population, analyzing the incidence rates using the an-
nual population size obtained from ISTAT (National In-
stitute for Statistics).

For historical and geographical reasons, the Italian re-
gions are divided into three macro-regions: North, Cen-
ter and South. The North includes the regions of the
North—West (Liguria, Lombardy, Piedmont, Aosta
Valley) and those of the North—East (Emilia—Romagna,
Friuli-Venezia Giulia, Trentino—South Tyrol, Veneto).
The Center includes the regions of Lazio, Marche,
Tuscany, Umbria. The South consists of the regions of
Southern Italy (Abruzzo, Basilicata, Calabria, Campania,
Molise, Apulia) and the islands (Sardinia and Sicily). It
was performed a descriptive statistic to evaluate patients
census region, the region of hospitalization and region
where patients had surgery. Procedures performed on
patients residing in the same region of hospitalization
were defined as “regional surgeries”. Procedures per-
formed on patients not living in the same region of
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defined as “extra-regional

hospitalization ~ were
surgeries”.

Analyses of estimated costs were based on the costs
ascribed to diagnosis-related groups (DRGs), according
to Ministerial Decree (December 18, 2008). In Italy, re-
imbursement is the same for all the procedures under
DRG, regardless of the diagnosis, the complexity of the
procedure, or the patient’s health status at admission.
Projection of the trend in the number of AT repair in
the next 10 years (2016-2025) was performed using the

“Forecast” function in Excel (Microsoft) software.

Results

Overall, 118,652 AT repair were performed in the study
period (2001-2015). The number of AT repair was less
than 7000 in 2001 to more than 8000 in 2015, showing
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an increasing (Fig. 1 panel a and Table 1) with a peak in
2010. The cumulate period of incidence was 13.1 AT re-
pairs for every 100,000 Italian inhabitants, observing the
highest incidence in 2011 with 13.84 procedures for
every 100,000 inhabitants (Table 1 and Fig. 1 panel b).
The overall ratio of male/female was 4.85 (Table 1). The
number of female patients undergoing surgical repair
remained constant, while the number of male patients
showed growth over the different years (Fig. 2, panel a).
In Fig. 2, panel b the age classes involved in AT repair
are shown. The age classes more represented are 35-39
and 40-44. AT repair procedure was very low in the
pediatric and elder age classes. Most AT repairs were
performed in the North of Italy (52.1%), 27.2% in the
South of Italy and 20.6% in the Center of Italy (Table 1
and Fig. 3 panel a). There was a growth in each macro-
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Fig. 2 a Number of male/female patients who underwent AT surgery. b Distribution of male/female who underwent AT surgery for 15 years

region, but the more evident was in the North of Italy
than the other macro-regions. The region with most
procedures carried out was Lombardy with 19.16%,
followed by Emilia-Romagna (9.03%) and Veneto (8.7%).
All these regions are from the North of Italy. 51.2% of
surgeries were carried out on patients living in the
North, 20.7% on patients residing in the Center and
28.1% on patients living in the South (Table 1 and Fig. 4).
94% of patients living in the North underwent surgery in
the macro-region of residence, 91% of patients living in
the Centre underwent surgery in the macro-region of
residence, and 92% of patients living in the South under-
went surgery in the macro-region of residence. Figure 4
panel b shows in detail, the percentage of surgery per-
formed in the region of residence. All the regions had a
percentage greater than 78% except Aosta Valley with
67% but significantly high (see also Table 2). It is pos-
sible to define this surgery as a regional surgery. When
data are adjusted for regional population density, the
highest number of procedures during 2001-2015 is re-
corded in the A, P, of Bolzano (19.8/100000 inhabitants),
in Marche (18.2/100000 inhabitants) and Abbruzzo

(17.7/100000 inhabitants). All data concerning the
number of hospitalizations per 100,000 inhabitants
are summarized in Table 3 and shown in Fig. 5. Fur-
thermore, it was observed that the increase in age
positively influences the number of regional proce-
dures performed (r=0.67). In all regions, the average
age was between the fourth and fifth decade of life,
ranging from a minimum of 40.7 years in Campania
to a maximum of 48.1years in Liguria (Table 3, Fig.
5). The median length of hospitalization was 3 days
in 2001, remained constant up to 2012 when there
was a decreasing to 2days (Table 1). In the study
period, the observed overall ratio of public AT repair
was 98% (Fig. 6). The predicted model projected a
constantly increasing trend in the number of AT
repairs in the next 10 years (2016-2025) (Fig. 7).
According to this model, there will be a slight growth
of 2.65% in 2025 compared to 2015. Analyzing the in-
formation on mechanisms of ruptures, the percentage
of traumatic event leading to surgery showed a peak
in 2001 (44.30%), with a decreasing trend to 40.66%
in 2015 (Fig. 7).
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Discussion

This 15-year nationwide registry study is the first com-
prehensive, national investigation of AT surgery ever
done in Italy. All information on dates, diagnoses and
number of AT surgeries performed during the study
period was obtained from the national register, which is
compiled through a mandatory reporting system for the
entire population.

Italy has 60.3 million citizens [18], who resides in
twenty regions and two autonomous provinces (Trento
and Bolzano) [19]. The population-weighted incidence
rate for AT surgery was 13.1 AT repairs per 100,000
Italian inhabitants. Based on the population density for
each region, the highest incidence rates during the entire
study period were observed in the Autonomous Province
of Bolzano, Marche, and Liguria. The peak incidence

was observed in 2011 with 13.84 interventions per 100,
000 inhabitants, suggesting both an increase in the num-
ber of interventions performed during the study period
(2001-2015) and the relevance of AT tears as a public
health problem. The present study has highlighted that
the annual rate of surgery continues to grow as the aver-
age age of the Italian population rises. Despite the stable
increase in AT surgical procedures, the trend has slowed
considerably over the last 5 years, suggesting that non-
surgical management may be a feasible option [20].
However, it is difficult to compare our results with those
of the literature, as we are aware of only three other na-
tionwide registry studies available on AT surgery [14, 16,
17]. 2011 was the year of the peak of incidence of AT
surgery in both Italy and Finland with 13.1/100,000 and
20.5/100,000 person-years, respectively [17]. The Danish
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registry study recording 33,160 AT ruptures reported a
statistically significant decrease in surgical treatment for
younger men and women [16]. The study on the Swed-
ish National Register was conducted from 2001 to 2012
and, in accordance with the two previous studies,
showed an increase in the percentage of surgical inter-
ventions (from 33 to 77%) [14]. The following years
showed a marked downward trend in the rates of AT
surgery, suggesting a potential decrease in the incidence
of surgical treatment [16, 17]. The Italian incidence AT
surgery rate that has slowed considerably during the past
5 years has confirmed this expected decline.

The results of the present investigations are in agree-
ment with the literature and confirmed the higher preva-
lence of AT surgeries in men (overall ratio of male/
female was 4.85) and a lower rate of AT repairs in
pediatric and elder age classes (Fig. 2 panel B) [1].

Findings from the present investigation have shown a
shift of the time of incidence from the third and the
fourth decade, as described in the literature [11, 12], to
the range of age of 35-45 years, confirming that AT re-
pairs mainly performed in the work population. In an at-
tempt to optimise health-care resources and reduce
costs, a review of procedures during hospitalization days
in recent years has highlighted the possibility of redu-
cing the median duration of hospitalization from
three to 2 days.

One of the founding principles of the Italian National
Health Service (NHS), created in 1978, is the free access
to health care for its population. However, to achieve
this objective, it is necessary to overcome socioeconomic
barriers at the local, regional and national levels combin-
ing public financing with a mixture of public and private
supplies [19, 21]. Italian NHS budget is transferred to
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Table 3 Number of hospitalizations per 100,000 inhabitants and average age

Regions N° of hospitalizations per 100,000 inhabitants Average
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2001- age
2015 (years)
AP, of Bolzano 164 164 163 194 175 232 213 220 204 209 183 196 210 198 233 198 453
AP, of Trento 128 134 131 113 140 213 123 177 128 175 140 171 162 159 153 150 47.8
Abruzzo 154 200 189 146 177 192 170 159 168 202 200 189 178 178 146 177 450
Aosta Valley 125 168 191 165 106 129 104 159 150 166 134 150 149 140 187 148 46.8
Apulia 9.7 101 94 8.8 105 108 105 109 100 114 106 104 107 97 104 103 421
Basilicata 92 16 86 74 67 75 109 18 79 100 90 92 104 121 121 96 429
Calabria 149 160 140 117 125 135 137 135 132 145 109 118 97 110 112 128 410
Campania 66 79 84 81 77 93 104 101 99 99 1034 98 96 102 89 97 40.7
Emilia Romagna 142 148 144 145 144 157 154 154 170 160 158 152 159 148 145 152 46.5
Friuli - Venezia 143 134 135 156 123 142 143 150 148 129 146 145 146 133 123 140 469
Giulia
Lazio 100 94 109 112 113 126 121 121 125 129 122 130 123 113 118 117 444
Liguria 147 148 152 150 123 162 179 167 178 185 161 177 215 212 201 171 48.1
Lombardy 137 142 149 154 147 159 167 165 158 147 164 153 162 162 155 155 46.0
Marche 156 190 196 176 172 182 196 182 188 186 189 180 170 196 172 182 454
Molise 53 9.7 128 106 4.1 119 145 139 123 149 102 128 182 127 128 118 442
Piedmont 108 114 124 112 119 147 126 131 150 144 147 152 156 139 133 134 456
Sardinia 9.0 85 93 93 94 99 100 1217 112 125 127 128 127 119 126 109 441
Sicily 89 91 9.1 104 109 98 99 101 102 110 101 97 99 93 90 98 413
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Fig. 5 Influence of the average age of the regions on the incidence of AT surgery
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Public
2001 6.687 141
2002 7.049 145
2003 7.158| 188
2004 7.077 207
2005 7.201] 150
2006 7.906 177
2007 7.882 195
2008 7.933 206
2009 8.086 220
2010 8.263 190
2011 8.155 188
2012 8.012) 199
2013 8.244 183
2014 8.174 213
2015 7.959 243

Fig. 6 Public and private surgeries performed in the study-period

TOTAL SURGERIES 2001-2015

2%

the regions that manage 79% of public hospitals. Health-
care providers, both public and private, (i.e. a hospital,
outpatient surgery clinic) are rewarded through a free
system based on a classification of procedures at fixed
tariffs established by the regions or the Ministry of
Health [19]. Moreover, reimbursement from other re-
gional funds is only provided for public hospitals, and

this can lead to cross-border mobility and facilitate
extra-regional procedures. Indeed, at the end of the year,
health-care providers that performed extra-regional sur-
geries have an extra budget that is outside the fixed tariff
that could lead to a quasi-market health care system in
continuous research of additional source of revenues
[22]. Since 1994 in Italy DRGs Hospital Tariff System

Year Total Procedures Males Females 9,000
2001 6.889 5.667, 1.222) !
2002 7.19 6.003 1.187,
2003 7.347 6.018 1329
2004 7.285 5.971 1.314 Y
2005 7.351 5.987 1.364 O
2006 8.083 6.664 1.419 8,500 oo
2007 8.077 6.693 1.384 -
2008 8.139) 6.707 1432
2009 8312 6.848 1.464
2010 8.456, 7.1 1356
2011 8347 7.001 1.346 8,000
2012 8.214 6.829) 1389
2013 8.427 7.029 1.402)
2014 8.388] 6.988) 14
2015 8.209 6.921] 1.284
2016 8.409 7.071 1337,
2017 8.435, 7.107 1328 7,500
2018 8.461 7.142) 1319
2019 8.487 7177 1.31]
2020 8.513 7.212) 1301
2021 8.539 7.247 1.292)
2022 8.565 7.283 1.283 7,000
2023 8.591] 7.318 1.274 J
2024 8.618 7.353 1.264
2025 8.644) 7.388 1.255
2026 8.67 7.424 1.246
Total Surgeries
2001-2014 118.71 98.422 20.288 6,500 ——————T——T—T—T——T—T—T T
Total Prevision 88888888Sggiﬁﬂﬁﬂﬁzﬂﬂﬁﬂﬁﬁﬁi}ﬁ
2016-2025 93.931 79.722 14.209 SRRIRIRRLIRIRARARARALIIRIRRIKRRKR]/LRR
Fig. 7 Trend's prediction for 2015-2025
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has been applied and it provides most devices that
are fully covered by Italian NHS. Devices that are not
included in this tariff system because they are too in-
novative or expensive are reimbursed separately, ac-
cording to a system similar to regional and extra-
regional procedures explained above [19]. This could
be a triggering factor that can influence the flow of
the patient from more impoverished regions (South)
to more productive regions (North) and, therefore,
lead to inequalities [22-25].

In fact, from the results of this national registry study,
the geographical variations between three Italian macro-
regions in rates of AT surgery have shown that most of
all AT interventions were performed in the North, espe-
cially in Lombardy (19.16%) and that Italian patient pre-
ferred this type of surgery in the same region/macro-
region of residence. The Italian health-care model fol-
lows the Beveridge model where private care activities
are flanked but do not replace public care activities guar-
anteed by the State. However, it is well known that in
the Northern macro-region, private care activities are
more present, justifying the higher number of proce-
dures performed in this territory [19, 21]. This hypoth-
esis could also explain the high incidence rate of AT
surgery performed in America, where the national health
model is private [26]. Although the best management of
AT ruptures is still under discussion, surgery is widely
performed [26]. While it is recognized that operative
treatment can reduce the risk of re-rupture compared to
conservative treatment, doubts remain as to whether pri-
vate care may have an incentive to perform operative
treatment even in the absence of conclusive evidence
[26]. Despite that, the present investigation sustains that
equity in access to health-care in the Italian NHS is
more efficient than private providers because the total
amount of private procedures remained about 2% over
the 15-year study period. According to the current NHS
reimbursement policy, that could be explained with the
unnecessary use of particular devices in AT procedures
or to high efficiency of local hospitals. However, these
findings can not explain why there is this high rates of
AT procedures in Lombardy [19, 23]. The overview of
spatial access highlights no differences in length of stay
at the hospital, public or private reimbursement and re-
gion of hospitalization [27]. Therefore, based on these
findings, it is possible to classify AT procedure as a re-
gional surgery.

Even though this nationwide registry study is the
first comprehensive, national investigation of AT sur-
gery ever done in Italy, some potential limitations
should be considered. Our results could be affected
by possible changes in coding practices, but we are
unaware of whether they would have significantly im-
pacted our findings. However, the same codes are
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currently being used by governmental and nongovern-
mental public reports. The geographical variations
among three Italian macroregions in AT repair rates
may suggest inefficiency of the collection of unmet
needs or over-indication in areas with different AT
surgery rate. This could depend on patients or sur-
geons but, in both cases, potential inaccuracies in the
coding of the diagnoses or procedures can not be
clarified from the database analysis. The interpretation
of our results should consider that Italian registry
does not record non-surgical procedures and, there-
fore, we cannot compare these data each other, even
though the interest in surgical and non-surgical man-
agement of AT ruptures is increased. Furthermore,
codes used during our 15-year period study did not
allow differentiation between surgical procedures,
such as minimally invasive or open surgery [28], that
compromise the possibility to cross data from differ-
ent AT injuries.

This study would not have been possible without the
availability of a reliable and worthwhile population-
based registry and, therefore, we would remark to the
surgeon community the importance of detailed clinical
documentation. Through accurate data, it is possible to
improve the accuracy and clinical relevance of adminis-
trative codes related to AT surgery and, in the same
way, to all the procedures [29].

Conclusions

This study represents the first detailed epidemiological
investigation of AT surgery ever done across the entire
Italian population able to confirm the socioeconomic
burden of AT surgery that affects the male population,
especially those ageing from 35 to 45 years. There is evi-
dence of equity in access to AT surgeries across macro-
regions of Italy, as Italian patients could receive this type
of surgery in the same region/macro-region of residence.
However, it remains unexplained why the incidence of
this surgery was higher in the North of Italy. According
to the prediction model, AT surgery will have a slight
growth in 2025 than in 2015. The current study, there-
fore, provides detailed information about the national
population-weighted incidence of AT surgery, distribu-
tion, and projection. Our findings can now be used as an
update of the clinical evidence base for Italian health-
care planning improving awareness, health-services in-
frastructure, and accessibility.
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