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Foreword

REHAB 2017 - 3rd International Conference on Preservation, Maintenance and Rehabilitation 
of Historical Buildings and Structures aimed to proceed with the discussion on built heritage 
and the preservation of its legacy that was established in the previous editions of the event. The 
importance of conservation of historical constructions (built landscape, urban fabrics, buildings, 
and engineering works) are of utmost importance to preserve the cultural references of a com-
munity and was deeply discussed n March 2014, in Tomar, and July 2015, in Porto. 

Under the main topics of discussion, subjects of preservation and rehabilitation methodolo-
gies and technologies, as well as the importance of the economic and social impacts of preserva-
tion practices were covered as the main leading guidelines for the conference debate. Further-
more, different communities� scales (local, regional, national or even worldwide) and authentic-
ity interpretation raise different questions and approaches, and therefore different solutions that 
are worthily to study, to compare and to experience. The sustainability approach was covered 
once more, highlighting the importance of the commitment between heritage preservation and 
technical requirements related to its occupancy and use, such as energy efficiency or materials 
recovery. Inclusivity was also an important aspect to be discussed as public historical sites and 
buildings need to be adapted to receive different kind of visitors (children, elderly or handi-
capped persons) and to establish an adequacy with the perceiving of the physical environment 
and information contents. 

A new chapter was included in this edition of REHAB 2017 and Earthen Buildings were 
brought into a particular approach highlighting the complexity of their preservation, mainte-
nance and rehabilitation. Earthen buildings techniques are in many cases of a great importance 
for local economies and access to housing. 

Authors submitting papers to REHAB 2017 were encouraged to address one of the above 
mentioned topics of the Conference by providing evidence on past experience and ongoing re-
search work. As a result, REHAB 2017 welcomed a significant number of papers and presenta-
tions addressing field work and case studies but also theoretical approaches to historical build-
ings preservation and conservation. As in past editions of this Conference, REHAB 2017 also 
gave stage to early stage researchers and students willing to share the results of their research 
projects, namely post-graduation projects and doctoral projects. REHAB 2017 received a sig-
nificant number of such proposals the quality of which was confirmed during double-blind re-
view. 
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Chapter 1 

Technologies for inspection and monitoring 

of buildings performance and pathologies 





1 INTRODUCTION 

The Roman circus of Tarraco is an archaeological site located in an exceptional context: under 
the historical Center of Tarragona city (Catalonia, Spain).This type of building was generally 
built outside the romanwalls. In Tarraco, its clear relationship with the ConciliumProuinciae of 
the ancient capital of province HispaniaeCiterior caused this anomalous location. In this way 
the urbanistic scenery was created according the imperial propagandistic scheme developed at 
the city of Rome: Apolo Temple, portico of the Danaides and circus Maximus. 

Since 2000 the Circus is one of the monuments included in UNESCO World Heritage list. Its 
level of conservation and its implementation in the present-day city is an anomalous case in 
architectural and urban heritage. The historical evolution of Tarragona and the solidity of 
construction materials used in this Circus, opus caementicium and opus quadratum, have made 
this area a protagonist inseparable in the urban development of present historical centre. For 
these reasons, the Circus represents both architectural and museographic reality that is present in 
the everyday life of people of Tarragona and the visitors. It's a tourist attraction but also a 
challenge of understanding and a sign of identity of the society of Tarragona. 

In relation to urban archaeology, almost always emergency or preventive actions, this 
building has been the subject of numerous archaeological excavations. Despite its importance, it 
still does not have an integral high quality project of management or unified technical 
documentation. Consequently, variable technical documentation is available to us, because the 
participation of different professionals, companies of archaeology and methodologies have 

Mobile Mapping and laser scanner to interrelate the city and its 
heritage: the Roman Circus of Tarragona 

J. M. Macias Solé & J. M. Puche Fontanilles 
Institut Català d'Arqueologia Clàssica, Tarragona, Spain 

P. Solà-Morales & J. M. Toldrà Domingo 
ETSA � Rovira i VirgiliUniversity, Reus, Spain 

I. Fernández Pino 
Institut Català d'Arqueologia Clàssica, Tarragona, Spain 

ABSTRACT: Historic urban centers have a very specific problem, with very large demands in 
relation to documenting their heritage elements. Not only for its typological diversity and 
extent, but also by the need to determine the interactions established between the different 
elements, especially the dialogue between the modern city and the historic towns. We present 
here the experience of the Roman circus of Tarragona, which occupies four hectares of the 
historic center of the city, where we have used the �Backpack�, the Mobile Mapping solution 
installed on a backpack from Leica-Geosystems. This system allows access �and therefore the 
documentation� of areas which are only accessible on foot, as well as underground and inside 
buildings. 
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produced a heterogeneous results. On the other hand, the Tarragona city council does not have 
enough accurate technical information that allows them to manage the conservation of the 
archaeological remains with the maintenance task of current urban infrastructures. 

In this context the collaboration between the Catalan Institute of Classical Archaeology and 
the Technical School of Architecture of the Rovira and Virgili University should be located 
(Solàet al., 2014). The documentation and technical analysis, within the framework of 
Archaeology of Architecture, has been carried out by an interdisciplinary team of archaeologists 
andarchitects, who have applied the Mass Data Capture Systems. It has been done for the 
purpose of obtain a digital documentation in three dimensions of the morphology of the Circus, 
and integrate their remains in the whole contemporary city planimetry (Fig. 1). 

Figure 1. Orthophotoand archeological plane of the Roman circus of Tarragona. The itinerary of Pegasus 
Backpack is indicated by white lines.

2 HISTORICAL AND HISTORIOGRAPHIC CONTEXT 

The Circus of Tarraco was built at the end of first century and remained in use until the end of 
fifth century. During the tumultuous fifth century Tarraco was the last capital of Hispania 
occupied by the Roman Empire (Macias et. al., 2010; Macias &Rodà, 2015). This explains 
Circus longevity in the context of political and ideological transformation of Late Antiquity. 
From the Visigoth period the arena of the Circus was compartmentalized in private households, 
as well as the vaults that supported its grandstands. In the historical context of Al-Andalus, 
between VIIIth - XIIth, the city was sparsely inhabited and remained without any collective 
management institution. From the XIIth century the emerging Catalan Nation began the 
reoccupation of the city. Between XIIth - XIVth the Circus was the Suburb and in its north side 
the first medieval wall of the city was constructed. The late middle Ages population growth 
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caused the construction of another wall in XIVth century. This was on the south side of the 
Circus. After this time the Circus was the object of an urbanization process that generated the 
urban landscape that has been substantially maintained until today. 

The first historical engravings show us the layout of streets that are still used today, and the 
Renaissance descriptions of Lluís Pons d'Icart already reflects the coexistence between the 
evidences of the Circus and the inhabitants of its time. The city of Tarragona was declared 
Historical Artistic Site in the year 1966 and currently has a high level of protection. The area of 
the Circus is an attractive tourist point of Historical Centre that houses a museum complex �
Circ/Pretori- which had reached 169,203 visitors in year 2015. 

Figure 2. Data capturing process at Roman Circus.

In relation to graphical documentation, the professional activity of the decade of the 80's of 
last century produced the first archaeological planimetry. These were basically plans or 
elevationsand, progressively, the first efforts to contextualize the findings in the current urban 
setting emerged. Thus, we should note the first scientific monograph of the Circus made in the 
sector of the vault of Saint Ermenegild; plus occasional publications made by the Workshop-
School of Archeology of Tarragona and Archaeological Service of RoviraiVirgili University 
(bibliographical compendiumin Macias et al., 2007). All these works attempts to link and place 
archaeological remains in the urban plannig of the three monumental terraces of Imperial 
complex of the roman acropolis. 

The Architectural Heritage Service of Catalan Goverment had simultaneously commissioned 
the architect Salvador Tarragó, Polytechnical University of Catalonia, the first complete 
topographical survey of the remains of the Circus. This documentation, elaborated from the 
cadastral urban map, included the visible remains in private buildings. This work was carried 
out at 1: 100 scale (Tarragó, 1993). Finally, the development of the Tarraco Archaeological 
Planimetry project (2004-2007, Macias et al., 2007) allowed us the establishment of a network 
of topographic bases through GPS and according to the system of the Catalan Cartographic 
Institute. 

Finally, the availability of archaeological plans and sections along with the new digital 
technologies of image processing and vectorial drawing, allowed us the elaboration of the first 
pedagogical and diffusion proposals based on three-dimensional reconstructions (Macias et al., 
2005). At the same time, this research has shownthat the digital proposal requires an accurate 
technical documentation for the validation of archaeological hypothesis. If we do not do this, it 
will be difficult to distinguish between reconstructive hypotheses and pedagogical proposals. 
Thus, we highlight a line of research based fundamentally on the development of three-
dimensional applications from pre-existing �traditional documentation� (Mar et al., 2015). 
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3 METHODOLOGY 

Pegasus BackPack (http://leica-geosystems.com/products/mobile-sensor-platforms/capture-
platforms/leica-pegasus-backpack) is the trademark of Mobile Mapping system (wearable, 
portable by a person while walking) marketed by Leica company from the end of 2015. The 
Mobile Mapping is a bulk data capture system characterized by its multiple types of sensors, and 
particularly by the fact that the receiving antenna is moving. It derives directly from LIDAR 
systems, which merge laser scanning technology and radar, and must carry motion sensors that 
allow to calculate and correct the drift of the antenna as it moves between laser emission and the 
reception of its bounce. 

Figure 3. Scanning of Trinquet Vell street and three-dimensional reconstruction.

In a standard laser scan, relative positioning of a point to the device is determined by time of 
flight (or wavelength changing) of the laser pulse from being sent until it returns, together with 
the vertical and horizontal angles of the transmitter at the time of sending the beam. Obviously, 
if the device undergoes a displacement both the distance and the angle of return vary, thus 
giving a false reading. In order to solve it different devices are installed: INS (Inertial 
Navigation Measurement Unit), DMI (Distance Measurament Indicators), or IMU (Inertial 
Measurament Unit), that combines accelerometers and gyroscope to measure and report on the 
speed and direction of a moving object. With these sensors are calculated both the drift and the 
speed of movement, allowing to correctly position the reading points. If a GPS is added the 
survey can also be georeferenced. 

At the beginning of the century, mobile reference systems supplemented with data capture 
sensors began to be designed (Mackenzie 2001); initially they were only photographic cameras. 
Quickly were mounted on motor vehicles to take advantage of its odometer and the known 
diameter of the wheels, which allowed to easily calculate the movement drift. The best known 
example is, undoubtedly, Google�s street view (https://www.google.com/streetview/), which 
since 2007 has allowed this company to intensively perform spherical photographs in different 
parts of the world. 
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Figure 4. Trinquet Vell street: remains of the grandstands.

The sensitivity improving of the IMU, along with the gradual reduction of its dimensions, 
allowed, in the second decade of the present century, to replace the main sensor by a laser 
scanner. It is necessary to take into account that these devices reach centimetric or 
subcentimetric precisions, and therefore systems of navigation of a similar precision are 
necessary to obtain surveys with a minimum rigor. 

The first company to market a Mobile Mapping with laser sensor was TOPCON, the year 
2009, with its IP-S2 (http://www.topconcare.com/en/hardware/mobile-mapping/ip-s2/), 
equipped with a dual frequency GNSS, a Honeywell IMU, and a 360º photographic camera. It 
could carry from 1 to 5 linear laser scanners. Soon other companies such as Trimble, Mitsubishi 
or Optech started selling similar products. Leica marketed its model, the Pegasus, in 2014 
(http://leica-geosystems.com/products/mobile-sensor-platforms/capture-platforms/leica-
pegasus_two). All of these devices were mounted on wheeled vehicles. 

In the year 2015 appeared a remarkable novelty with the Pegasus BackPack, which was the 
first system of Mobile Mapping that dispensed with the use of the odometer, and therefore could 
be carried inside a backpack. This allowed the possibility to carry out moving surveys in areas 
where it would be difficult or impossible to circulate by a wheeled vehicle. 

The Backpack is oriented thanks to a triple channel GNSS (GPS and Glonass) that is 
reinforced by an IMU with a drift of 20mm RMS every 10 seconds that is activated when GNSS 
signal fails or is insufficient. It has two planar laser scanner profilers that can register 600,000 
points per second with a useful range up to 50m. One of them is the one who does the reading, 
while the other serves as a support when the IMU is activated by creating areas of overlap that 
help to correct drift. It is complemented by four 4MP photographic cameras that cover a 360º x 
200º visual area. With all this, a spherical photographic image of the entire route is obtained, 
besides the point cloud of the documented area. 

Its accuracy is determined mainly by the quality of the GPS signal. Under optimal conditions, 
its nominal value is 5cm, but the experience we have done indicate a real precision between 5 
and 12cm. Obviously, the precision suffers from the moment the GNNS signal is lost and the 
IMU comes into operation: we have to remember that the IMU has a drift of about 20mm every 
10 seconds. This limitation can be partially overcome thanks to the software of data processing, 
as it incorporates the continuous recording of the points generated by the second laser scanner, 
allowing to adjust the overlap of the partial point clouds. If some control points with known 
coordinates are added, the working accuracy (regardless of whether the GNNS is active or not) 
is below 10cm. 

In Tarragona a route of about 2650 linear meters was made, which allowed to cover all the 
area of interest (https://youtu.be/z_i_YPjML9M ). It was performed, including the previous and 
final calibration work, in about 3 hours (Figs. 3-4). The average distance to the nearest point has 
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always been between the meter and the 4 meters. The final model has about 580 million points, 
with a density that varies greatly depending on the height of the facades, since the number of 
registered points decreases as the distance from the Backack increases. 

4 CONCLUSIONS 

This new skill, combined with in-depth historical and archaeological knowledge, has allowed us 
to interconnect the architectonic heritage preserved in the ancient roman circus area. At the 
same time, we can determinate the constructive interactions between the different elements with 
a great precision in the details. In addition, in special interest places, we have linked the 
mapping's point cloud with others previously obtained from traditional laser scanner, more 
precise and perfected. 

Figure 5. Enrajolat street: facade and remains of its subsoil.

But the main advantages is the graphic documentation of large areas in minimal time, and de 
fact that this system allows access �and therefore the documentation� of areas which are only 
accessible on foot, as well as underground and inside buildings. We have obtained an 
indiscriminately documentation of several historical remains, both exterior and indoors. 

And not just architectonical remains have been documented with Backpack. This work, 
however, made it possible to capture every step of all the streets and facades of the old town of 
Tarragona, which are inserted in the area occupied by the roman Circus. The use of this unique 
reality capture solution also facilitated the graphic integration of the contemporary and ancient 
architecture of the city into one single workflow (Fig. 5). From the roman wall of IIth BC from 
the latest building edified. Therefore, the graphic documentation allows a diachronic dialogue 
between architectural elements in the historic center, the result of different protagonists and how 
these ancient constructions have developed and transformed Tarragona�s history and its urban 
plans. 

For these reasons, the survey transcends our traditional technical needs and the resulting 
documentation allow us afford new educational resources and control and management tools of 
a city, that is superimposed on a building included in the UNESCO World Heritage list. 

Figure 6. Three-dimensional models host in Sketchfab platform: modern city (https://skfb.ly/66Sys).
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Figure 7. Three-dimensional models host in Sketchfab platform: Roman circus model. 
(https://skfb.ly/66YMw).

Figure 8. Three-dimensional models host in Sketchfab platform: medieval walls (https://skfb.ly/6oXAq).

Finally, 3D documentation of roman Circus allowed archaeologists at ICAC and architecture 
at ETSA to develop several activities: 

Historical urban studies. In this case between the roman building and medieval walls 
superimposed. 

Archaeological research mixing all the remains in a single three-dimensional graphic 
documentation. 

Cadastral plans and a heritage management system, with a particular focus on the effects 
of urban infrastructure: sewer, etc. 

Pedagogy and museography of the historical heritage.Recently, with the aim of explain 
currently urbanism like a result of specific historical development, a large part of 
documentation has been organized in three historical layouts, after which dimensional 
models can be consulted. Our collection of Circus three-dimensional models host in 
Sketchfab platform serves as an example of future possibilities of this technology: 3D 
model (https://skfb.ly/66YMw), medieval walls (https://skfb.ly/6oXAq) and modern 
city (https://skfb.ly/66Sys) (Figs. 6-8). 

ACKNOWLEDGMENTS 

The research leading to these results has received funding from RecerCaixa (Project Serious games 
applications in collaborative environments for the transmission of Cultural Heritage of Catalonia, ref. 
2015ACUP 00089) and MINECO-FEDER (Analytical-evolutionary parameters of the construction 
techniques of the northeast of Tarraconense in Late Antiquity: homogenization, criteria of representation 

Chapter 1: Technologies for inspection and monitoring of buildings  performance and pathologies 27



and calibration, ref. HAR2015-64392-C4-2P). We would like to thanks to Leica Geosystems for its 
collaboration and support. We are indebted to ImmaTeixell and Lluís Balart, History Museum of 
Tarragona, for all the facilities for acceding to roman Circus in Tarragona. 

REFERENCES 

Macias, J. M., Fiz, I., Piñol, L., Miró, M. T. & Guitart, J.  2007. PlanimetriaArqueològica de Tarraco. 
Atlesd�Arqueologia Urbana de Catalunya 2. Treballsd�Arqueologia Urbana 1, Documenta 5, 
Tarragona. 

Macias, J. M., Menchon, J. J. & Muñoz, A.  2005. Tàrraco: GuiaArqueològica Visual. Reconstrucció 
Virtual de l�Urbs i  elsseusvoltants. Reus (Tarragona). 

Macias, J. M., Menchon, J. J., Muñoz, A. & Teixell, I. 2010. La acrópolis de Tárraco y la implantación 
urbana del culto imperial en la capital de la Hispania Citerior. XVII International Congress of 
ClassicalArchaeology (Roma 2008). Bollettino di Archeologiaon line I / Volumespeciale A / A8 / 4. 
Roma: 50-66. 

Macias, J. M. & Rodà, I. 2015. Tarraco, the first capital. Catalan Historical Review, 8, Institutd�Estudis 
Catalans, Barcelona: 9-28. 

Mackenzie, C. 2001. The Development of a Backpack Mobile Mapping System. Thesis submitted to the 
faculty of graduate studies in partial fulfillment of the requirements for the degree of Master of 
Science, Department of Geomatics Engineering. Calgary (Alberta). 

Mar, R., Ruiz de Arbulo, J., Vivó, D.,  Beltrán, J. A. & Gris, F. 2015. Tarraco. Arquitectura y urbanismo 
de una capital provincial romana, Vol. 2. La ciudad Imperial, DAC, Tarragona. 

Mateo, F. J. & Lozano, C. 2014. Comparativa con técnicas GNNS y Mobile Mapping de un inventario de 
elementos físicos y geométricos. Proyecto final de carrera de la Universidad Politécnica de Madrid, 
Escuela Técnica Superior de Ingenieros en Topografía, Geodesia y Cartografía.Madrid. 

Petrie, G. 2010. An Introduction to the Technology Mobile Mapping Systems. GeoInformatics, 1-2010: 
32-43. 

Puente, I., González-Jorge, H., Martínez-Sánchez, J. & Arias, P. 2013. Review of Mobile Mapping and 
surveying technologies. Measurement, 46: 2127-2145. 

Solà-Morales, P., Toldrà, J. M.  Puche, J. M. & Macias, J. M. 2014. Redrawing Tarraco, XII International 
Forum. Le Vie dei Mercanti. Best Practice in Heritage Conservation Manamengent. Fromtheworld to 
Pompeii, Fabbrica de la Conoscenza, 46, Nàpols: 841-850. 

Tarragó, S. 1993. A la recerca d�unaidentitatperduda: el circromà de Tàrraco, Elsmonumentsprovincials 
de Tàrraco. Noves aportacions al seuconeixement. Documentsd�Arqueologiaclàssica 1, 
UniversitatRoviraiVirgili, Tarragona: 269-295. 

Tao, C. V. & Jonathan, L. 2007. Advances in Mobile Mapping technology, Volume 4 of International 
Society for Photogrammetry and Remote Sensing book series. CRC Press. 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)28



Index of Authors 



 

  

 



 

Abbas, A. 93
Afsari Bajestani, S. 621
Agosti, C. 107
Al-Saidy, A. H. 1047
Aliprandi, S. 1093
Alonso Pedrero, F. 275
Amar, J. H. N. 723
Antoniciello, M. 975
Armitage, L. 723
Arsan, Z. D. 1173
Arvanitis, A. 815
Asiliskender, B. 117
Atzeni, C. 127
Aytar, . 897
Baggio, C. 41
Barontini, A. 139
Barrios-Padura, A. 1069, 1235
Bartolomei, C. 213
Baturayo lu Yöney, N. 117
Belgas, L. 1197
Bellicoso, A. 49
Benacer, H. 499
Bernardini, G. 71, 513
Besana, D. 149, 735
Biancamano, P. F. 1057
Billeci, B. 159
Bonora, C. 265
Boyd, N. 1119
Branco, F. G. 1197
Branco, J. M. 1185
Brum , L. 747
Cardaci, A. 169, 465
Carlos, J. S. 323
Carrà, N. 523
Carraco Palos, M. 1069
Cerati, D. 107
Chan, T. H. T. 1139
Çiftçi, A. 531
Cinieri, V. 487, 1129
Ciravo lu, A. 531
Coffey, V. 1139
Coisson, E. 181
Coll-Pla, S. 297
Connolly, K. 759
Coppolino, F. 343
Costa-Jover, A. 297
Costa, L. M. 595
Costa, L. M. S. A. 415
Cremin, A. 541
Cruz, A. 1139
Cruz, M. 877
Csizmady, A. 769
Csurgó, B. 769
Cubero-Hernández, A. 191
D�Amico, N. 223
D�Orazio, M. 71, 513
Dai, S. 1105

De Berardinis, P. 1035, 1161
De Francisci, G. 1207
De Guglielmo, F. 203
De Martino, G. 213
De Medici, S. 1151
Descamps, T. 1185
Dessì, M. 159
Di Ruocco, G. 999
Diano, D. 551
Dias, M. S. 637
Diceglie, A. 223
Dobjani, E. 1217
Domènech, G. 233

ukanovi , D. 243
El-Gamal, S. 1047
Eloy, S. 637
Erinsel Önder, D. 531
Erkenez, S. 531
Fallanca, C. 561
Favaretto, G. 783
Feger, D. 595
Fernandes, J. 1217
Fernández Pino, I. 21, 29
Fernández Sangil, Y. 275
Fernández-Salido, L. M. 275
Ferrari, L. 181
Ferreira, C. L. 569
Ferreira, T. C. 255
Fonseca, I. 1077
Fouad, S. S. 795
Fronta, C. 213
Gabaglio, R. 1225
Galán-Marín, C. 1069
Gallo, H. 569, 805
García-Esparza, J. A. 613
Gervásio, H. 1217
Giambruno, M. 583, 1225
Giannakopoulou, S. 815
Gimena-Ramos, F. N. 673
Gómez de Cózar, J. C. 363
Gonçalves, J. 3
Gonzaga, V. 595
Gorp, B. van 705
Greco, A. 265, 1009
Grisoni, M. M. 825
Hago, A. W. 1047
Hassan, S. A. 835
Hassanpour, H. 333
Heidtmann, D. 595
Heinz, G. K. 1017
Híçaylmaz, F. 46
Holden, G. 333
Jayasinghe, S. 851
Jiménez Caballero, I. 275
Jiménez Expósito, R. A. 1235
Johnson, W. 861
Juana, A. 869

Index of Authors 1247



 

L�Erario, A. 1093
Lameira, G. 877
Laurìa, A. 125
Lee, S. J. 887
Lembo, F. 11, 309
Lenci, S.  1083
Leverton, P. 289
Liu, Y. 1105
Lluis i Ginovart, J. 297
Lopes, M. 637
López-Piquer, M. 297
Lourenço, P. B. 139, 1185
Lucenti, S. 487
Lucia, C. 11
Machado, J. S. 1077
Macias Solé, J. M. 21, 29
Marchionni, C. 1161
Marino, F. P. R. 11, 309
Mariotti, C. 897
Martins, A. M. T. 323
Mascarenhas, J. M. 1197
Mateus, R. 3, 1217
Matos, V. P. 909
Megahed, Y. 759
Mehr, S. Y. 333
Miano, P. 343
Miccio, G. 203
Millán, P. M. 81
M zrak Bilen, B. 531
Monni, F. 1083
Monni, G. 127
Montero Fernández, B. F. J. 965
Monticelli, C. 1093
Morandotti, M. 487
Moreira, M. 595
Mosquera, C. 355
Mosquera, E. 355
Mussinelli, E. 107
Navas-Carrillo, D. 363
Oliveira, M. R. S. 569
Or owska, Z. 605
Pérez Cano, M. T. 191, 363
Philippou, A. 61
Pistidda, S. 583
Plevoets, B. 373
Podhala ski, B. 605
Poletti, E. 1185
Porretta, P. 921
Pozzi, E. 933
Pracchi, V. 1093
Pretelli, M. 933
Primicerio, F. 999
Puche Fontanilles, J. M. 21, 29
Putzolu, R. 383
Quagliarini, E. 71, 513, 1083
Rambla Moliner, R. 613
Ranjbar, E. 621

Raposo, M. 637
Renes, J. 705
Rice, J. 395
Rivera-Gómez, C. 1069
Rocha, L. 877
Rosina, E. 1093
Rotilio, M. 1035, 1161
Russell, H. 289
Sabrosa, A. 415
Salcedo Hernández, C. C. J. C. 943
Sanna, A. 127
Santarelli, S. 71, 513
Santini, S. 41
Sanzaro, D. 693
Saumell, J. 71
Scalzone, F. 735
Senia, C. 1151
Serrano Candela, A. B. F. 943
Sharr, A. 759
Sicignano, E. 999
Signorelli, L. 783
Silva, F. 975
Silva, J. M. 955
Silvestre, J. D. 3
Skates, H. 333
Soares, F. F. 415
Solà-Morales, P. 21, 29
Stachura, E. 647
Stone, S. H. 887
Taccone, A. 659
Tacíro lu, M. G.-A. B. 46
Ta tan, H. 531
Tennakoon, P. 425
Theodossopoulos, D. 61, 445
Toldrà Domingo, J. M. 21, 29
Tomás García, A. 965
Tosone, A. 49
Trallero Sanz, A. M. 665
Trejo, N. M. 71
Tsangouri, E. 435
Ulu, M. 1173
Urbano Lorente, J. 297
Urrutia, M. P. 81
Urtasun Pineda, A. 275
Vaccarini, M. 1083
Valdenebro-García, J. V. 673
Valente, A. 1197
Vanacore, R. 975
Varouchaki, N. 445
Vasconcelos, G. 3
Verazzo, C. 455
Verbist, M. 1185
Versaci, A. 169, 465
Viola, S. 685
Vit Suzan, I. 477
Vitale, M. R. 693
Wilkinson, S. 333

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)1248



 

Yeke, S. T. 46
Zamperini, E. 487, 1129
Zampini, A. 897
Zanelli, A. 1093
Zang, X. 705
Zhong, Y. 1105

 

 

 

Index of Authors 1249



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REHAB 2017 
R. Amoêda, S. Lira & C. Pinheiro (eds.)1250





View publication statsView publication stats

https://www.researchgate.net/publication/321886090



