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Fig. 5.29   Axial view of thorax - position of sternum������������������������������������������������������������������������������������������������������������������������������96
Fig. 5.30   Axial view of right lower thorax - organ containing vascular structures���������������������������������������������������������������������������������97
Fig. 5.31   Axial view of lower thorax - tubular structures within resin���������������������������������������������������������������������������������������������������97
Fig. 5.32   Axial view of pelvis - constraining structures within pelvis�����������������������������������������������������������������������������������������������������97
Fig. 5.33   Axial view of thorax - intra-thoracic viscera and ‘loose’ sternum ������������������������������������������������������������������������������������������97
Fig. 5.34  Coronal view of trunk- remnants of diaphragm�����������������������������������������������������������������������������������������������������������������������98
Fig. 5.35   Sagittal view of abdomen showing intact abdominal wall������������������������������������������������������������������������������������������������������98
Fig. 5.36   Sagittal view of abdomen showing incision����������������������������������������������������������������������������������������������������������������������������98
Fig. 5.37   Sagittal view of thorax - mediastinum and diaphragm�����������������������������������������������������������������������������������������������������������99
Fig. 5.38   Sagittal view of trunk - canopic package���������������������������������������������������������������������������������������������������������������������������������99
Fig. 5.39   Coronal view of trunk - canopic package��������������������������������������������������������������������������������������������������������������������������������99
Fig. 5.40   Axial view of lower thorax - position of packages�����������������������������������������������������������������������������������������������������������������100
Fig. 5.41   Axial view of lower thorax - position of packages - original image���������������������������������������������������������������������������������������100
Fig. 5.42   Coronal view of thorax – mediastinum���������������������������������������������������������������������������������������������������������������������������������100
Fig. 5.43   3D reconstruction showing fractured left ribs����������������������������������������������������������������������������������������������������������������������100
Fig. 5.44   Coronal view of abdomen - pack in abdominal incision��������������������������������������������������������������������������������������������������������100
Fig. 5.45   Axial view inferior to pelvis - double structure of phallus�����������������������������������������������������������������������������������������������������101
Fig. 5.46   More distal axial view inferior to pelvis – single structure of phallus�����������������������������������������������������������������������������������101
Fig. 5.47   Axial view of thorax���������������������������������������������������������������������������������������������������������������������������������������������������������������101
Fig. 5.48   Coronal view of torso������������������������������������������������������������������������������������������������������������������������������������������������������������101
Fig. 5.49   Coronal view of upper thorax- rolls of material on the right ������������������������������������������������������������������������������������������������102
Fig. 5.50   Sagittal view of thorax - Sibson’s fascia���������������������������������������������������������������������������������������������������������������������������������102
Fig. 5.51   Axial view of thorax showing two layers of material�������������������������������������������������������������������������������������������������������������102
Fig. 5.52   Axial view of abdomen - extent of abdominal incision���������������������������������������������������������������������������������������������������������102
Fig. 5.53   Sagittal view of pelvis showing structures����������������������������������������������������������������������������������������������������������������������������103
Fig. 5.54   Sagittal view of lower abdomen - fractured iliac crest����������������������������������������������������������������������������������������������������������103
Fig. 5.55   Sagittal view showing thoracic structures�����������������������������������������������������������������������������������������������������������������������������104
Fig. 5.56  Axial view lower thorax - mediastinum and posterior defect������������������������������������������������������������������������������������������������104
Fig. 5.57   Coronal view thorax - great vessels, mediastinum and diaphragm���������������������������������������������������������������������������������������104
Fig. 5.58   Axial view of lower abdomen - abdominal incision���������������������������������������������������������������������������������������������������������������104
Fig. 5.59   Sagittal view of pelvis showing femoral head biopsy������������������������������������������������������������������������������������������������������������105
Fig. 5.60    Coronal view of pelvis showing femoral head biopsy����������������������������������������������������������������������������������������������������������105
Fig. 5.61  3D reconstruction - right fractured ribs – posterior view������������������������������������������������������������������������������������������������������106
Fig. 5.62   Sagittal view of trunk - returned viscera�������������������������������������������������������������������������������������������������������������������������������106
Fig. 5.63    Coronal view of trunk - linen in abdominal incision�������������������������������������������������������������������������������������������������������������106
Fig. 5.64   Sagittal view of lower abdomen - visceral package���������������������������������������������������������������������������������������������������������������106
Fig. 5.65   Sagittal view of pelvis - perineal plug, resin and linen in abdomen��������������������������������������������������������������������������������������107
Fig. 5.66   Coronal view of trunk - canopic packages�����������������������������������������������������������������������������������������������������������������������������107
Fig. 5.67   Coronal view of abdomen - solid organ – possibly liver��������������������������������������������������������������������������������������������������������108
Fig. 5.68   Sagittal view of trunk - granular material and resin��������������������������������������������������������������������������������������������������������������108
Fig. 5.69   Coronal view of abdomen – left flank incision����������������������������������������������������������������������������������������������������������������������108
Fig. 5.70   3D reconstruction showing disruption of rib cage – anterior aspect������������������������������������������������������������������������������������109
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Fig. 5.71    3D reconstruction showing disruption of rib cage – posterior aspect���������������������������������������������������������������������������������109
Fig. 5.72   Coronal view of trunk - false breast in wrappings�����������������������������������������������������������������������������������������������������������������109
Fig. 5.73   Coronal view of trunk - canopic packages�����������������������������������������������������������������������������������������������������������������������������109
Fig. 5.74   Axial view of abdomen - left flank incision���������������������������������������������������������������������������������������������������������������������������110
Fig. 5.75   Sagittal view of pelvis - destroyed, featureless perineum�����������������������������������������������������������������������������������������������������110
Fig. 5.76   Axial view of pelvis - disorganised sacro-iliac joints��������������������������������������������������������������������������������������������������������������111
Fig. 5.77    Coronal view of pelvis - dislocated symphysis pubis������������������������������������������������������������������������������������������������������������111
Fig. 5.78   Axial view of pelvis - fractured inferior pubic ramus�������������������������������������������������������������������������������������������������������������111
Fig. 5.79   Axial view of pelvis - acetabular fractures�����������������������������������������������������������������������������������������������������������������������������112
Fig. 5.80   Coronal view of thorax - empty apart from linen packs��������������������������������������������������������������������������������������������������������112
Fig. 5.81   Coronal view of trunk - canopic packages in abdomen���������������������������������������������������������������������������������������������������������112
Fig. 5.82   Sagittal view of lower abdomen - material in lower pelvis���������������������������������������������������������������������������������������������������112
Fig. 5.83   Axial view of thorax - mediastinum, heart and resin������������������������������������������������������������������������������������������������������������113
Fig. 5.84   Axial view of lower thorax with returned viscera������������������������������������������������������������������������������������������������������������������113
Fig. 5.85   3D reconstruction of object possibly Wadjet eye  ����������������������������������������������������������������������������������������������������������������113
Fig. 5.86   Axial view lower abdomen – left flank incision and packing ������������������������������������������������������������������������������������������������113
Fig. 5.87   3D reconstruction at level of pelvis showing possible amulet����������������������������������������������������������������������������������������������114
Fig. 5.88   3D reconstruction at level of pelvis showing possible amulet����������������������������������������������������������������������������������������������114
Fig. 5.89   Coronal view of pelvis showing female shape of the pelvis��������������������������������������������������������������������������������������������������114
Fig. 5.90   Axial view of thorax showing contents����������������������������������������������������������������������������������������������������������������������������������115
Fig. 5.91   3D reconstruction of heart scarab����������������������������������������������������������������������������������������������������������������������������������������115
Fig. 5.92   Axial view showing abdominal incision and amulet��������������������������������������������������������������������������������������������������������������115
Fig. 5.93   3D reconstruction of sistrum shaped amulet������������������������������������������������������������������������������������������������������������������������115
Fig. 5.94   Coronal view of pelvis - canopic package������������������������������������������������������������������������������������������������������������������������������115
Fig. 5.95   Sagittal view of pelvis - perineum and false phallus�������������������������������������������������������������������������������������������������������������115
Fig. 5.96   3D reconstruction of false phallus and amulet���������������������������������������������������������������������������������������������������������������������116
Fig. 5.97   Axial view of thorax and mediastinum����������������������������������������������������������������������������������������������������������������������������������116
Fig. 5.98   Axial view of abdominal incision�������������������������������������������������������������������������������������������������������������������������������������������116
Fig. 5.99   Axial view of thorax - mediastinum and resin�����������������������������������������������������������������������������������������������������������������������117
Fig. 5.100   Axial view of abdominal incision and canopic packages�����������������������������������������������������������������������������������������������������117
Fig. 5.101  Axial view of pelvis – pubic symphysis���������������������������������������������������������������������������������������������������������������������������������117
Fig. 5.102  Sagittal view of pelvis - left femoral head����������������������������������������������������������������������������������������������������������������������������117
Fig. 5.103   Sagittal view of pelvis - right femoral head�������������������������������������������������������������������������������������������������������������������������117
Fig. 5.104   Coronal view of pelvis - external genitalia and left femoral head���������������������������������������������������������������������������������������117
Fig. 5.105   Axial view of thorax - dislocated costo-vertebral joints������������������������������������������������������������������������������������������������������118
Fig. 5.106   Axial view of thorax - intact costo-vertebral joints��������������������������������������������������������������������������������������������������������������118
Fig. 5.107   3D reconstruction of compressed rib cage�������������������������������������������������������������������������������������������������������������������������119
Fig. 5.108   3D reconstruction of compressed rib cage�������������������������������������������������������������������������������������������������������������������������119
Fig. 5.109   Axial view of compressed thorax����������������������������������������������������������������������������������������������������������������������������������������119
Fig. 5.110   Axial view of lower abdomen showing folds in abdominal wall�����������������������������������������������������������������������������������������119
Fig. 5.111   Axial view of pelvis - dislocated sacro-iliac joints (SIJ)��������������������������������������������������������������������������������������������������������119
Fig. 5.112   Axial view of pelvis - dislocated symphysis pubis����������������������������������������������������������������������������������������������������������������120
Fig. 5.113   Sagittal view of pelvis - perineal structures������������������������������������������������������������������������������������������������������������������������120
Fig. 5.114  Axial view of thorax - anterior thoracic wall damage�����������������������������������������������������������������������������������������������������������120
Fig. 5.115   Coronal view of trunk showing position of carpus��������������������������������������������������������������������������������������������������������������121
Fig. 5.116   Sagittal view of trunk showing position of carpus��������������������������������������������������������������������������������������������������������������121
Fig. 5.117   Axial view of lower thorax - canopic packages��������������������������������������������������������������������������������������������������������������������122
Fig. 5.118   Sagittal view of trunk showing posterior penetration of resin��������������������������������������������������������������������������������������������122
Fig. 5.119   Axial view of lower abdomen showing left flank incision���������������������������������������������������������������������������������������������������122
Fig. 5.120   Axial view of lower abdomen showing damage to anterior abdominal wall����������������������������������������������������������������������122
Fig. 5.121   Coronal view of thorax – position of left 2nd rib����������������������������������������������������������������������������������������������������������������123
Fig. 5.122   Sagittal view of thorax – left 6th rib fracture����������������������������������������������������������������������������������������������������������������������123
Fig. 5.123   Sagittal view of thorax –  fractured right ribs����������������������������������������������������������������������������������������������������������������������123
Fig. 5.124   Coronal view of trunk – contents of torso ��������������������������������������������������������������������������������������������������������������������������123
Fig. 5.125   Axial view of lower abdomen – left flank incision���������������������������������������������������������������������������������������������������������������123
Fig. 5.126   Coronal view of pelvis – fractured right iliac bone��������������������������������������������������������������������������������������������������������������124
Fig. 5.127   Sagittal view of perineum���������������������������������������������������������������������������������������������������������������������������������������������������124
Fig. 5.128   Coronal view of trunk – fragments of ribs and sternum�����������������������������������������������������������������������������������������������������124
Fig. 5.129   Axial view of thorax - rib fragments and resin casts������������������������������������������������������������������������������������������������������������125
Fig. 5.130   Coronal view of thorax – vertebrae and resin casts������������������������������������������������������������������������������������������������������������125
Fig. 5.131   Coronal view of thorax – indentations in the resin cast������������������������������������������������������������������������������������������������������125
Fig. 5.132   Axial view lower abdomen - shape of linen from abdominal incision��������������������������������������������������������������������������������126
Fig. 5.133   Axial view of pelvis – dislocated SIJs�����������������������������������������������������������������������������������������������������������������������������������126
Fig. 5.134   Coronal view of pelvis - dislocated symphysis pubis�����������������������������������������������������������������������������������������������������������126
Fig. 5.135   Coronal view of pelvis and lower abdomen - canopic packages�����������������������������������������������������������������������������������������126
Fig. 5.136   Coronal view of thorax – left 1st rib lying free��������������������������������������������������������������������������������������������������������������������127
Fig. 5.137   Coronal view of sternum lying free within the thorax��������������������������������������������������������������������������������������������������������127
Fig. 5.138   Axial view showing material within the thorax�������������������������������������������������������������������������������������������������������������������127
Fig. 5.139   Coronal view of superior mediastinum�������������������������������������������������������������������������������������������������������������������������������127
Fig. 5.140   Axial view of superior mediasinum�������������������������������������������������������������������������������������������������������������������������������������127
Fig. 5.141   Axial view of abdominal incision�����������������������������������������������������������������������������������������������������������������������������������������128
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Fig. 5.142   Sagittal view of trunk showing compressed abdomen�������������������������������������������������������������������������������������������������������128
Fig. 5.143    Axial view of pelvis - subluxed right SIJ������������������������������������������������������������������������������������������������������������������������������128
Fig. 5.144  Axial view of thorax -remnants of viscera ���������������������������������������������������������������������������������������������������������������������������129
Fig. 5.145  Coronal view of thorax showing diaphragms�����������������������������������������������������������������������������������������������������������������������129
Fig. 5.146   Axial view showing abdominal incision�������������������������������������������������������������������������������������������������������������������������������130
Fig. 5.147   Coronal view of abdominal incision������������������������������������������������������������������������������������������������������������������������������������130
Fig. 5.148   Coronal view showing material within abdomen����������������������������������������������������������������������������������������������������������������130
Fig. 5.149   Axial view showing material within abdomen��������������������������������������������������������������������������������������������������������������������131
Fig. 5.150   Axial view of lower abdomen - viscera �������������������������������������������������������������������������������������������������������������������������������131
Fig. 5.151   Sagittal view showing an organ within pelvis - possibly uterus������������������������������������������������������������������������������������������131
Fig. 5.152   Coronal view of trunk - fractured right ribs�������������������������������������������������������������������������������������������������������������������������132
Fig. 5.153   Coronal view of trunk - canopic packages���������������������������������������������������������������������������������������������������������������������������132
Fig. 5.154   Sagittal view of thorax - facetted objects – probably gallstones�����������������������������������������������������������������������������������������132
Fig. 5.155   Coronal view of thorax - facetted objects – probably gallstones����������������������������������������������������������������������������������������132
Fig. 5.156   Axial view showing abdominal incision and incision plate��������������������������������������������������������������������������������������������������132
Fig. 5.157   Axial view of abdomen demonstrating material on posterior wall�������������������������������������������������������������������������������������133
Fig. 5.158   Axial view of pelvis - left hip joint articular cartilage����������������������������������������������������������������������������������������������������������133
Fig. 5.159   Sagittal view showing pelvic contents and plate over perineum����������������������������������������������������������������������������������������133
Fig. 5.160   Axial view showing abdominal incision and contents���������������������������������������������������������������������������������������������������������134
Fig. 5.161   Axial view of pelvis - acetabular fractures���������������������������������������������������������������������������������������������������������������������������134
Fig. 5.162   Axial view of pelvis - fractured inferior pubic rami�������������������������������������������������������������������������������������������������������������134
Fig. 5.163   Axial view of thorax - mediastinum and canopic packages�������������������������������������������������������������������������������������������������135
Fig. 5.164   Axial view showing abdominal incision�������������������������������������������������������������������������������������������������������������������������������135
Fig. 5.165   Axial view of pelvis - disrupted left SIJ��������������������������������������������������������������������������������������������������������������������������������135
Fig. 5.166  Axial view of pelvis - disrupted pubic symphysis�����������������������������������������������������������������������������������������������������������������135
Fig. 5.167  Axial view inferior to pelvis - cross section of phallus����������������������������������������������������������������������������������������������������������135
Fig. 5.168   Axial view of thorax - mediastinum�������������������������������������������������������������������������������������������������������������������������������������136
Fig. 5.169   Axial view of thorax - mediastinum and great vessels��������������������������������������������������������������������������������������������������������136
Fig. 5.170   Axial view of thorax demonstrating diaphragm������������������������������������������������������������������������������������������������������������������136
Fig. 5.171  Axial view of lower thorax - probable canopic packages�����������������������������������������������������������������������������������������������������136
Fig. 5.172   Coronal view of thorax - canopic packages and ‘cuboid’ structure�������������������������������������������������������������������������������������136
Fig. 5.173   Axial view of lower thorax - biopsy site in right rib posteriorly�������������������������������������������������������������������������������������������137
Fig. 5.174   Sagittal  view of pelvis - linen pack in perineum�����������������������������������������������������������������������������������������������������������������137
Fig. 5.175   Coronal view of pelvis showing hip joints���������������������������������������������������������������������������������������������������������������������������137
Fig. 5.176   Coronal view of thorax - comparison of 1st ribs�����������������������������������������������������������������������������������������������������������������137
Fig. 5.177  Sagittal view of thorax - posterior position of sternum�������������������������������������������������������������������������������������������������������137
Fig. 5.178   Axial view of thorax - tissues and material on posterior wall����������������������������������������������������������������������������������������������138
Fig. 5.179   Axial view - viscera and material in abdomen���������������������������������������������������������������������������������������������������������������������138
Fig. 5.180   Coronal view of pelvis - disruption of symphysis pubis�������������������������������������������������������������������������������������������������������138
Fig. 5.181   Coronal view of thorax - outline of right lung and dilated heart�����������������������������������������������������������������������������������������139
Fig. 5.182   Sagittal view of thorax - defect in diaphragm���������������������������������������������������������������������������������������������������������������������139
Fig. 5.183  Axial view showing viscera within the abdominal cavity�����������������������������������������������������������������������������������������������������139
Fig. 5.184   Axial view of lower abdomen - lower abdominal wall defect (incision)������������������������������������������������������������������������������140
Fig. 5.185   Axial view of lower abdomen - lower abdominal wall defect (incision)������������������������������������������������������������������������������140
Fig. 5.186   Axial view of lower abdomen - lower abdominal wall defect (incision)������������������������������������������������������������������������������140
Fig. 5.187   3D reconstruction - lower abdominal wall defects�������������������������������������������������������������������������������������������������������������141
Fig. 5.188   Sagittal view of pelvis - perineal structures������������������������������������������������������������������������������������������������������������������������141
Fig. 5.189   Axial view showing thoracic shape and packing�����������������������������������������������������������������������������������������������������������������141
Fig. 5.190   Axial view of lower abdomen showing incision �����������������������������������������������������������������������������������������������������������������141
Fig. 5.191   Axial view of thorax - mediastinum and lungs��������������������������������������������������������������������������������������������������������������������142
Fig. 5.192   Coronal view of trunk - remnants of diaphragm�����������������������������������������������������������������������������������������������������������������143
Fig. 5.193   Axial view of thorax demonstrating shape of rib cage��������������������������������������������������������������������������������������������������������143
Fig. 5.194   Axial view showing abdominal wall incision�����������������������������������������������������������������������������������������������������������������������143
Fig. 5.195   Axial view  - viscera on posterior pelvic wall�����������������������������������������������������������������������������������������������������������������������143
Fig. 5.196   Axial view of thorax - mediastinum�������������������������������������������������������������������������������������������������������������������������������������144
Fig. 5.197   Axial view of lower thorax - canopic packages��������������������������������������������������������������������������������������������������������������������144
Fig. 5.198   Coronal view of trunk - canopic packages in abdomen�������������������������������������������������������������������������������������������������������145
Fig. 5.199   Axial view of abdomen - metal plate covering incision�������������������������������������������������������������������������������������������������������145
Fig. 5.200   3D reconstruction of incision plate�������������������������������������������������������������������������������������������������������������������������������������145
Fig. 5.201   Sagittal view of pelvis - canopic package at brim of pelvis��������������������������������������������������������������������������������������������������145
Fig. 5.202   Sagittal view of pelvis - perineal structures and material in pelvis�������������������������������������������������������������������������������������145
Fig. 5.203   Axial view showing loose packing in thorax������������������������������������������������������������������������������������������������������������������������146
Fig. 5.204   Axial view of thorax - resin over anterior surface of vertebrae�������������������������������������������������������������������������������������������146
Fig. 5.205  Coronal view of trunk - fragmented resin����������������������������������������������������������������������������������������������������������������������������147
Fig. 5.206   Axial view showing abdominal incision�������������������������������������������������������������������������������������������������������������������������������147
Fig. 5.207   Coronal view of abdomen - canopic packages��������������������������������������������������������������������������������������������������������������������147
Fig. 5.208   Sagittal view of pelvis - fragments of resin in pelvis������������������������������������������������������������������������������������������������������������147
Fig. 5.209   Sagittal and coronal views of pelvis - perineal floor������������������������������������������������������������������������������������������������������������147
Fig. 5.210   Axial view of thorax demonstrating shape and contents����������������������������������������������������������������������������������������������������148
Fig. 5.211   Axial view showing abdominal incision�������������������������������������������������������������������������������������������������������������������������������148
Fig. 5.212   Coronal view of abdomen - canopic packages��������������������������������������������������������������������������������������������������������������������148
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Fig. 5.213   Coronal view of pelvis - canopic package within the pelvis������������������������������������������������������������������������������������������������� 148
Fig. 5.214   Sagittal view of pelvis - coccyx and pelvic floor������������������������������������������������������������������������������������������������������������������� 149
Fig. 5.215   Sagittal view of pelvis - symphysis pubis and false phallus�������������������������������������������������������������������������������������������������� 149
Fig. 5.216   3D reconstruction demonstrating false phallus������������������������������������������������������������������������������������������������������������������� 149
Fig. 5.217   Oblique axial view of pelvis - false phallus��������������������������������������������������������������������������������������������������������������������������� 149
Fig. 5.218   Oblique sagittal view of pelvis - false phallus����������������������������������������������������������������������������������������������������������������������� 150
Fig. 5.219  Axial view of upper thorax - costo-vertebral dislocation and rib fracture����������������������������������������������������������������������������� 150
Fig. 5.220   Coronal view of trunk - mediastinal structures and Ibis������������������������������������������������������������������������������������������������������ 151
Fig. 5.221   Axial view showing structures in thorax������������������������������������������������������������������������������������������������������������������������������� 151
Fig. 5.222   Coronal view - granular material within pelvis.�������������������������������������������������������������������������������������������������������������������� 151
Fig. 5.223   Axial view of abdomen - Ibis������������������������������������������������������������������������������������������������������������������������������������������������ 151
Fig. 5.224   Sagittal view of abdomen - Ibis�������������������������������������������������������������������������������������������������������������������������������������������� 151
Fig. 5.225   Axial view of pelvis - acetabular fractures���������������������������������������������������������������������������������������������������������������������������� 151
Fig. 5.226   Axial view of upper thorax - great vessels���������������������������������������������������������������������������������������������������������������������������� 152
Fig. 5.227  Axial view of thorax - heart and right lung���������������������������������������������������������������������������������������������������������������������������� 152
Fig. 5.228   Axial view of lower thorax - remains of diaphragm������������������������������������������������������������������������������������������������������������� 152
Fig. 5.229   Axial view of lower abdomen - tissues in paraspinal gutters����������������������������������������������������������������������������������������������� 152
Fig. 5.230   Axial view of pelvis - healed fracture of right pubic ramus�������������������������������������������������������������������������������������������������� 152
Fig. 5.231    Axial view of pelvis - pack in upper perineum��������������������������������������������������������������������������������������������������������������������� 153
Fig. 5.232    Axial view of pelvis  - pack in lower perineum�������������������������������������������������������������������������������������������������������������������� 153
Fig. 5.233   Axial view of thorax - imbricated ribs����������������������������������������������������������������������������������������������������������������������������������� 153
Fig. 5.234   Sagittal view of trunk - antero-posteriorly compressed thorax�������������������������������������������������������������������������������������������� 154
Fig. 5.235   Coronal view of trunk - asymmetry of thorax���������������������������������������������������������������������������������������������������������������������� 154
Fig. 5.236   Axial view of thorax - tissue on posterior wall �������������������������������������������������������������������������������������������������������������������� 154
Fig. 5.237   Axial view of pelvis - sacro-iliac joint (SIJ) disruption����������������������������������������������������������������������������������������������������������� 155
Fig. 5.238   Axial view of pelvis - dislocation of symphysis pubis����������������������������������������������������������������������������������������������������������� 155
Fig. 5.239   Axial view of pelvis - superior pubic ramus fracture������������������������������������������������������������������������������������������������������������ 155
Fig. 5.240   Axial view of pelvis - inferior pubic ramus fracture�������������������������������������������������������������������������������������������������������������� 155
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 Chapter One

 Introduction

1.1 Mummification – The afterlife

1.1.1 Religious beliefs and the afterlife

It is generally accepted that the ancient Egyptians held 
a strong belief in life after death and that this ‘afterlife’ 
could be eternal assuming that the correct conditions were 
met (Ikram, Dodson, 1998: 18).   It was also accepted that 
what is currently called the ‘soul’ or ‘spirit’ was comprised 
of various aspects, including the ba (the personality of the 
deceased), the ka (the life force) and the Akh (representing 
the immortality of the deceased), (Tyldesley, 2010: 114).  
Whilst the ka had to remain close to the body to receive 
sustenance, the ba and akh could leave the body to return 
later. (David, 2002: 116).  It was, therefore, necessary to 
preserve the body after death so that it would survive for all 
eternity.  Ideally the body would be ‘perfectly’ preserved 
and completely whole and intact.

The body would be transformed, after mummification/
embalming, into a living entity by the utterance of spells. 
Today the most recognized of these spells is probably 
‘the Opening of the Mouth Ceremony’.  This ceremony, 
contained in spells 21-23, was designed to activate the 
mouth, eyes and ears of the deceased, preparing them for 
the afterlife and contained such phrases as ‘My mouth 
is opened, my mouth is split open by Shu with that iron 
harpoon of his with which he split open the mouths of the 
gods’ – shown in the papyrus of Nebqed- N3068, found in 
the Louvre Museum (Taylor, 2010: 88).

Whilst it is clear that the compromises necessary to 
achieve preservation of the body would, inevitably, render 
the body less than ‘whole’, it was (presumably) believed 
that the spells would adequately compensate for this and, 
once more, create a ‘whole, intact’ body that would be 
useful in the afterlife.

1.1.2 Historical References to Mummification in Ancient 
Egypt

Contemporary records of embalming/mummification have 
not been found and mummification is rarely depicted in 
any specific or informative detail: see, for example, the 
scenes on the Late Period coffin of Djed-Bastiuf-Ankh 
(Hildesheim Museum) which show the body being purified 
by water, the body heaped with natron, the mummy with 
its canopic jars, and the god Anubis working with the 
mummy.  Occasional, brief references to mummification 
may be found in Egyptian texts, but there is nothing that 
helps our understanding of the process.  Some references 
from the classical authors briefly mention mummification 
but in scant detail.  For example Strabo: Geographica 
XVII.1.1-10. 795 (Jones, 1917: 795) states ‘…and then 

one comes to the suburb Necropolis, in which are many 
gardens and groves and halting-places fitted up for the 
embalming of corpses’.  Pliny the Elder in Historia 
Naturalis (Bostock, Riley, 1855: Book 11, 70) states ‘...this 
is the notion entertained by the Egyptians, whose custom it 
is to embalm the bodies of the dead, and so preserve them’.  
Porphyry of Tyre is slightly more detailed – as follows: ‘…
the Egyptians, when they buried those that were of noble 
birth, privately took away the belly and placed it in a chest, 
and together with other things which they performed for 
the sake of the dead body, they elevated the chest towards 
the sun, whom they invoked as a witness; an oration for 
the deceased being at the same time made by one of those 
to whose care the funeral was committed.’ (Taylor, 1823: 
110-138).  Plutarch’s description is slightly less detailed: 
‘the Egyptians, who cut open the dead body and expose it 
to the sun, and then cast certain parts of it into the river, 
and perform their offices on the rest of the body, feeling 
that this part has now at last been made clean.’ (Plutarch, 
1928: 16.1).  Finally, Cicero adds the detail that ‘condiunt 
Aegyptii mortuos et eos servant domi‘ – ‘the Egyptians 
embalm their dead and keep them in their houses’ (Cicero, 
XLV.108).

The earliest useful records are therefore those provided by 
the Classical authors Herodotus and Diodorus Siculus.  For 
example Herodotus, in his Histories (Book 2: 86), describes 
some methods of mummification as recounted to him by 
priests during his visit to Egypt in the fourth century BC 
during the occupation by the Persians in the Late Period.  He 
describes three methods of mummification including what 
is generally known as the ‘classical’ method. This will be 
described in detail (as much as was given by Herodotus at 
that time!) below.  However, Diodorus Siculus (Diodorus 
Siculus: Book 1, 69) was less than complimentary about 
Herodotus’ description and the validity of his reports and 
adds some of his own observations.

To reiterate, the ‘classical’ description of mummification 
as described by Herodotus is as follows (The Histories 2: 
86):

The most perfect process is as follows: as much as 
possible of the brain is extracted through the nostrils 
with an iron hook and what the hook cannot reach is 
rinsed out with drugs; next the flank is laid open with 
a flint knife and the whole contents of the abdomen 
removed; the cavity is then thoroughly cleansed and 
washed out, first with palm wine and again with an 
infusion of pounded spices. After that it is filled with 
pure bruised myrrh, cassia and every other aromatic 
substance with the exception of frankincense, and 
sewn up again, after which the body is placed in natron, 
covered entirely over, for seventy days - never longer. 

http://www.intratext.com/IXT/LAT0922/A/B4.HTM
http://www.intratext.com/IXT/LAT0922/3/C9.HTM
http://www.intratext.com/IXT/LAT0922/H/G8.HTM
http://www.intratext.com/IXT/LAT0922/FI.HTM
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When this period, which must not be exceeded, is over, 
the body is washed and wrapped from head to foot 
in linen cut into strips and smeared on the underside 
with gum, which is commonly used by the Egyptians 
instead of glue. In this condition the body is given back 
to the family, who have a wooden case made shaped 
like the human figure, into which it is put.

When, for reasons of expense, the second quality is 
called for, the treatment is different: no incision is 
made and the intestines are not removed, but oil of 
cedar is injected with a syringe into the body through 
the anus which is afterwards stopped up to prevent the 
liquid from escaping.  The body is then cured in natron 
for the prescribed number of days, on the last of which 
the oil is drained off.  The effect of it is so powerful 
that as it leaves the body it brings with it the viscera 
in a liquid state, and as the flesh has been dissolved by 
the natron, nothing of the body is left but the skin and 
bones.  After this treatment, it is returned to the family 
without further attention.

The third method, used for embalming the bodies of 
the poor, is simply to wash out the intestines, and keep 
the body for seventy days in natron.

Diodorus Siculus’ contribution was prefaced by the 
words:

‘Now as for the stories invented by Herodotus and 
certain writers on Egyptian affairs, who deliberately 
preferred to the truth the telling of marvellous tales 
and the invention of myths for the delectation of their 
readers’.

However he gives the following information, which does 
add to Herodotus’ description.

First, he who is called the scribe, laying the body 
down, marks on the left flank where it is to be cut. Then 
he who is called the cutter takes an Ethiopian stone, 
and cuts the flesh as the law prescribes, and forthwith 
escapes running, those who are present pursuing and 
throwing stones and cursing, as though turning the 
defilement [of his act] on to his head. For whosoever 
inflicts violence upon, or wounds, or in any way 
injures a body of his own kind, they hold worthy of 
hatred. The embalmers, on the other hand, they esteem 
worthy of every honor and respect, associating with 
the priests and being admitted to the temples without 
hindrance as holy men. When they have assembled 
for the treatment of the body that has been cut, one of 
them inserts his hand through the wound in the corpse 
into the breast and takes out everything excepting the 
kidneys and the heart. Another man cleanses each of 
the entrails, sweetening them with palm-wine and with 
incense. Finally, having washed the whole body, they 
first diligently treat it with cedar oil and other things 
for over thirty days, and then with myrrh and cinnamon 
and [spices], which not only have the power to preserve 

it for a long time, but also impart a fragrant smell. 
Having treated it, they restore it to the relatives with 
every member of the body preserved so perfectly that 
even the eyelashes and eyebrows remain, the whole 
appearance of the body being unchangeable, and the 
cast of the features recognizable.

The translation of Herodotus’ original document given 
above is that of Selincourt (Selincourt 1954: 115).  It 
is recognized that there are many translations of this 
document but the difference in the detail of the description 
of mummification is only minor (although there are wider 
differences in other parts of the texts). 

Several embalmers’ caches have been found which give 
details of the materials used and the cost thereof.  One 
such find in Saqqara describes dates ascribed to the use 
of the materials (Janak and Landgrafova, 2011: 30-45). 
However, reference to the communication from Eaton-
Krauss indicates that many other caches have been 
discovered in a variety of types of location and have been 
described with differing levels of detail (Eaton-Krauss M., 
2008: 288-293).  

A group of papyri known as ‘the Embalmers Archives’ 
from the Ptolemaic Period, currently in the Ashmolean 
Museum, Oxford only describes the organisation of the 
embalmers’ profession and deals with ownership of land 
and tombs by the embalmers (Clarysse, Depauw, 1973: 
125-128).  These papyri do not contain any insight into the 
processes of mummification.

1.2 Mummification – Types and Pathology 

1.2.1  Classification of mummies

It would be appropriate to discuss the origin of the word 
‘mummy’ at this point.  The word is derived from the 
Persian-Urdu ‘mum’ (Aufderheide, 2003: 1) meaning 
wax.  A substance from the Middle East, bitumen, was also 
referred to as ‘mumiya’ – probably because of its similarity 
to wax.  In the Middle Ages, it was noted for its medicinal 
properties.  Initial observations of Egyptian ‘mummies’ 
erroneously attributed their dark external appearance 
to the result of the use of bitumen (rather than resin) to 
cover them. The name was then adopted to describe the 
preserved bodies of ancient Egyptians and, subsequently, 
to describe any preserved body.

Mummies can be classified into two broad groups, 
namely naturally occurring (spontaneous) and artificial 
(anthropogenic) (Aufderheide, 2010: 41).  The result 
of mummification is to resist decay of the tissues.  This 
may be a delay of a short time of, for example, months 
or as long as several millennia (as in the case of Egyptian 
mummies).

The processes of decay or putrefaction are the result of 
enzyme and bacterial action.  Enzymes are released by the 
breakdown of cells following cell death and by bacteria 
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that occur naturally in the body, for example in the gut.  
The result is a chemical breakdown of the proteins, fats 
and carbohydrates into smaller molecules that are either 
water soluble or gaseous.  As a result the soft tissues are 
destroyed.  The effects of external influences such as 
insects and their larvae can then sometimes be added to 
the equation.

Natural mummification can occur when the ambient 
conditions are suitable.  These conditions include 
desiccation by drying, thermal effects (extremes of high or 
low temperatures) and chemical effects (e.g. bog bodies).

Of particular interest is the fate of the brain within an intact 
skull.  Initially the brain becomes somewhat softened by 
autolysis, sinking to the most dependent part of the cranial 
cavity (posterior cranial cavity if the body is supine).  It 
then shrinks and becomes harder.  The effects of bacterial 
action are absent if the skull is not opened, leaving the 
gross anatomy of the brain visible (the gyri are usually 
clearly seen).

Artificial (anthropogenic) mummification has been 
practiced in many geographical locations.  In Egypt, 
the process essentially consisted of excerebration, 
evisceration, desiccation and subsequent ‘treatment’ with 
various chemicals such as resin.  Whilst these ‘phases’ 
of mummification/embalming conform to the ‘classical’ 
description, variations from this theme will be explored in 
this project.  To précis the process, it consists of

(i) Physical/surgical treatment.

This includes in some cases, but not all, the 
removal of the brain (excerebration) and removal 
of the thoracic, abdominal and pelvic viscera 
(evisceration) – again not in all cases.

(ii) Chemical Treatment.

This includes treatment in natron (solid or possibly 
in solution) for a period of time (probably forty 
days) and the application of ‘resin’ or other 
unguents to the surface and internal cavities of the 
body – in some cases, but not all.

(iii) Bandaging/wrapping.

This was accompanied by the reciting of spells 
(Budge, 1899: 185).

1.2.2 Experimental mummification

In an attempt to clarify and confirm the assumed processes 
of mummification, some scientists have undertaken 
experiments on tissues.  The most useful of these have 
been the mummification of whole human corpses.  
Unfortunately, the laws governing the treatment of human 
bodies (for example in the UK, The Human Tissue Acts 
1961 and 2004) make such experimental work extremely 

rare.  A recent experiment by Buckley was reported on 
British television (Channel 4, 24 October, 2011) and, 
subsequently, in the press but has not, as yet, been reported 
in the scientific literature.  Brier and Wade performed a 
complete embalming experiment in 1994 (Brier, Wade, 
1997: 89-100 and Brier, Wade, 1999: 89-97).  Embalming 
instruments were fashioned to reproduce those presumed 
to have been used in ancient Egypt.  They performed 
excerebration and evisceration followed by desiccation in 
natron for 35 days.  The resulting ‘mummy’ was described 
as having the ‘excellent visual appearance of a mummy’.  
It was then wrapped in linen and placed in a ‘tomb’ for 
eighteen weeks after which it received its final wrappings.  
It was noted that the major joints of the arms and legs were 
flexible after initial desiccation (but not the small joints of 
the fingers or toes) but had become rigid after the eighteen 
weeks in the ‘tomb’.

Experimental mummification using animals (Garner 
in David, 1979: 19-24) and occasionally human parts 
(Panzer et al., 2013: 1527-1535) has been performed.  The 
latter example from Zurich combines the experimental 
mummification process (all be it with a single limb rather 
than a whole body) with sequential CT imaging to follow 
the progress of the anatomical changes.

Other experiments have been performed on the skull to 
investigate the process of trans-nasal excerebration.  In the 
often-quoted experiment (Leek, 1969: 112-116) Leek used 
replica instruments to perforate the cribriform plate and 
macerate the brain tissue with a hooked rod.  Although he 
did not, in fact, remove the brain successfully, Brier did 
so and concluded that maceration was the key to removal 
rather than irrigation.  However, his successful brain 
removal required both the use of irrigation and swabbing 
out the cranial cavity with linen strips.

Further useful experiments and analyses have been 
performed on the resin used for the final stages of 
mummification such as the ‘anointing’ of the body surface 
and its use with the bandages.  One such analysis by 
Buckley and Evershed (Buckley, Evershed, 2001: 837-
841) showed that coniferous resins were used but in 
combination with beeswax.  The percentage of beeswax 
increased from 38% in a Dynasty 26 mummy to 87% in a 
Ptolemaic mummy.  The ability of the compounds to ‘dry’ 
(polymerize) and seal was noted, as were the antibacterial 
properties.

1.2.3 Ancient Egyptian Knowledge of Anatomy

The question as to why the Egyptians chose certain 
methods to preserve the body is open to discussion.  Early 
burials in Egypt were in shallow pit graves with the body in 
direct contact with the hot desert sand (Raven and Taconis, 
2005:37).  The result of this was natural desiccation 
of the body and, hence, its preservation.  As the graves 
were shallow, ‘rediscovery’ of them and their contents 
may have been frequent.   It has been suggested that such 
‘rediscovery’ may have been the result of the activities 
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of either (or both) animals or grave robbers (Tyldesley, 
2010:114).   With the increasing sophistication of the 
population, those who could afford it probably wished to 
be buried in more luxurious surroundings such as stone 
lined tombs (Tyldesley, 2010: 115).  Unfortunately, with 
the removal of the direct contact with hot desiccating 
sand, the bodies (like any other unpreserved body tissue, 
e.g. meat) started to putrefy. It was, therefore, necessary 
to develop a methodology/technology to overcome this 
problem.  This would appear to have been the driver for 
the development of mummification.  

 It would be well known from experience with animal 
carcasses intended for food that one of the potent sources 
of the putrefaction process was the viscera.  Therefore, 
removal of the viscera (evisceration) became one of the 
important processes in mummification.  

There have been, commonly, three sources of anatomical 
knowledge available throughout history.  One is the 
dissection of human bodies, another is knowledge 
gained through the treatment of war wounds and finally 
observations of the structure of animals and extrapolation 
to humans.  The systematic dissection of bodies is usually 
fundamentally influenced by religious belief and the 
strength of belief in the ‘sanctity’ of the body.  Given the 
importance of the survival of the body for the benefit of 
the Ka and its continuing need for food and drink and the 
deceased’s future in the afterlife, it is difficult to believe that 
dissection of the human body would have been sanctioned 
in Pharaonic Egypt (Snape, 2011: 21) unless dissection of 
executed criminals was permitted.  This leaves one other 
possibility (but nothing more) that war and its injuries 
were a major source of anatomical knowledge along with 
knowledge gained from the dismemberment (butchery) of 
animals.

Following evisceration and excerebration, the next step in 
preserving the body was desiccation.  In the absence of the 
hot sand, the preferred method developed was the use of 
natron.  Natron is a mixture of sodium carbonate, sodium 
bicarbonate, sodium sulphate and sodium chloride (David, 
1979:19).  The commonly accepted method was to cover 
the body in natron for 40 days.  The body was subsequently 
anointed with various unguents and, on occasions, made to 
look more lifelike by subcutaneous ‘packing’.  In certain 
eras the desiccated viscera were returned to the body cavity 
either loose or in packages or placed in sets of canopic jars.  
The body was then wrapped/ bandaged.

1.3 The journey – From death to museum

It can be seen from the following sections that damage 
to the mummy is an ever-present threat to its pristine 
integrity.  It is important that such influences are borne 
in mind at all stages when interpreting the medical image 
appearance of the mummies studied.

A further threat to the integrity of provenance is that 
caused by the false pairing of mummies with coffins other 

than the original, a practice that was sometimes performed 
in both Egypt and collections in Europe.

1.3.1 In Egypt

The hope of ancient Egyptians was that they would 
enjoy eternal life following death on earth.  To this end a 
variable (and probably increasing number) of them opted 
for mummification and burial in a tomb.  Whilst assuming 
that the mummification process would be performed 
properly to ensure eternal life, no subsequent disturbance 
of the body would have been welcomed. In particular, 
the desecration of the burial by tomb robbers was feared.  
However, the utterance of the name of the deceased would 
be taken as ‘bringing them to life’ so would be regarded 
positively. 

Despite this there are many recorded instances of tomb and 
grave robbery in Pharaonic Egypt.  A good example of this 
practice from antiquity is found in the record of the trial 
of tomb robbers that took place in the reign of Ramesses 
IX, mentioned in the Amherst, Abbott, Mayer and BM 
Papyri (Peet, 1915a: 173-177; Peet, 1915b: 204-206; Peet 
T, 1925a: 37-55; Peet, 1925b: 162-164; Capart et al., 1936: 
169-193).

In subsequent centuries, the trade in Egyptian antiquities 
encouraged the continued pilfering of tombs along with the 
inevitable damage to the contents including the mummies 
themselves.  It is doubtful that the robbers would have any 
concept of care of the artifacts.

Those mummies that were not damaged were then often 
transported to other countries including the UK and 
Continental Europe.  This would represent another part of 
the ‘journey’ when damage could be sustained.

1.3.2 In Continental Europe

Once acquired for collectors or collections in continental 
Europe (and the UK) the mummies were curated by a 
wide variety of methods.  This resulted in some being well 
kept and preserved and others deteriorating to the point 
where they were destroyed as being of no value.  In the 
19th century they were often traded as art objects (Raven, 
Taconis, 2005: 19) and the accurate preservation of the 
mummies was of secondary importance, as long as the 
external appearance was ‘valuable’.

1.3.3 In Museums

Once in museums or well curated private collections the 
mummies were, largely, reasonably cared for including 
the use of controlled environments and secure storage 
facilities.  An increasing desire developed to perform 
scientific studies on the mummies.  There were several 
accepted scientific methods used to explore mummies, 
but initially they usually involved destructive techniques 
such as dissection and removing samples for chemical, 
histological and other analyses.
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It was only with the advent of medical imaging and its 
use on mummies that alternative, non-invasive methods of 
investigation came to be used.  The fact that the mummies 
have to be transported from museum display or storage to 
a medical facility adds further risk of damage (although 
nowadays this risk is significantly reduced by very careful 
specialist handling).

1.4 Research Disciplines in Mummy Studies

1.4.1 Nineteenth and twentieth centuries

During these centuries the initial method of scientific 
research was in the form of dissection.  Clearly, whilst this 
produced information and tissue samples, it was totally 
destructive.  However, it was a significant improvement on 
the practice of ‘unrolling’, previously performed – largely 
for the purposes of entertainment rather than true science 
(Raven, Taconis, 2005: 41).

With the progress of the twentieth century other disciplines 
were introduced.  These were largely from the field of 
medical science and included chemical analysis, histology 
and bacteriology as well as the use of X-rays. As the 
twentieth century advanced, other disciplines were added, 
such as immunology, DNA analysis, radiocarbon dating, 
endoscopy and CT scanning.

With the exception of CT scanning, all these methodologies 
still required invasive procedures into the mummy, 
however slight.

1.4.2 Twenty first century

During the thirteen years of the twenty first century, there 
has been a continuous refinement of the above disciplines 
but no completely new ones.  Such advances include 
the ability to analyse ever-smaller samples of material 
to determine the content and pattern of ancient DNA for 
purposes of either genealogical analysis or to detect the 
presence of certain infecting agents such as TB.

1.5 Medical Imaging

1.5.1 History and development

Only since the discovery of X-rays by Wilhelm Konrad 
Roentgen in 1895 have non-invasive methods of examination 
been available (Firkin / Whitworth, 1989: 454).

Whilst ‘conventional’ X-rays were employed with 
increasing frequency during the first half of the 20th 
century, as time has passed and the sophistication of and 
definition provided by X-rays have improved, they have 
become a routine tool for non invasive investigation in 
both the medical and Egyptological arenas.

Over the past 50 years or so the quality of the images has 
improved immeasurably.  Therefore the detail provided 
has allowed a much more sophisticated analysis of the 

contained information.  However, it was the advent of 
computed axial tomography (CAT) scanning, developed 
by pioneers such as Hounsfield that allowed a quantum 
leap forward in the amount of information available in the 
images.  A CAT scan of the brain was first performed at the 
Atkinson Morley Hospital in 1971 reported to a meeting 
of the British Institute of Radiology in the following year 
and was published in the BJR in 1973 (Housfield, 1973: 
1016-1022).  The first Whole Body Scanner was built in 
1975.  Because the cost of CAT Scanners was initially very 
high, the availability of such machines was only relatively 
slowly adopted throughout the UK.  However, they can 
now be found in virtually all District General Hospitals.  
More recently machines have been introduced into a few 
national museums, although not all CT machines (the 
acronym CAT scanner gradually became shortened by 
common usage to CT scanner during the nineteen-nineties) 
are of medical diagnostic type.

The basic principles of the technology of X-rays and CAT/
CT scans are relatively easy to understand.  The X-ray 
is simply a shadowgram taken in one direction.  Indeed, 
one of the earlier names for an X-ray is a Skiagram as 
demonstrated in the title of one of the early influential works 
in Radiology, ‘Roentgenology.  The Borderlands of the 
Normal and Early Pathological in the Skiagram’  (Kohler, 
1931).  Clearly X-rays produce a two-dimensional image 
of a three-dimensional object and to be able to diagnose 
most abnormalities it is necessary to take a second X-ray 
in another plane.  Because the film is taken in one direction 
the image outlines of superimposed structures can be 
confusing.  This can lead to some features being obscured 
and therefore being missed, even though further views are 
taken in one or more different directions or planes.

In an attempt to overcome this problem, a technique called 
tomography was developed in the 1930s by Alessandro 
Vallebona (Vallebona, 1930) and refined by Ziedses des 
Plantes whereby the X-ray image was of structures in 
one plane and at a single distance through the body (or 
a predetermined plane section of the body while blurring 
the images of other planes), similar to imaging a single 
‘slice’ of the body.  This was effected by swinging the 
X-ray tube back and forth whilst moving the film in the 
opposite direction.  The fulcrum point determined the level 
of the plane imaged.  This left the structures in that plane in 
focus, but structures in other planes blurred. (Sutton, 1969)   
The distance between the image planes varied from time to 
time in history, but was in the region of 1 cm. in the 1960s.

The next major leap forward was the development of the 
CAT scanner, Computerised Axial Tomography.  In this 
technique, the X-ray tube is rotated around the body and 
many images/measurements are taken from thousands of 
angles.  Instead of photographic film being used to acquire 
the image, sensors are used for this purpose.  The body was 
then moved a distance and a further set of images created.  
This was repeated many times and a composite picture 
constructed by computer.  The distance between ‘slices’ 
was in the region of 2 or 3 mms in the 1990s but nowadays 
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One final influence on imaging which has appeared within 
the last decade is the development of PACS, Picture 
Archiving and Communication System.  PACS enables 
images such as x-rays and scans to be stored electronically 
and viewed on screens (so replacing analogue images with 
digital ones), creating a near filmless process and improved 
diagnostic methods (PACS 2011).    The software enables 
the images to be manipulated.  For example, they can be 
magnified and the contrast and brightness altered.  Viewing 
window sizes can be reduced to allow comparison of two 
or more images at the same time.  It is possible to create 
3D type images with shadows that can give a very lifelike, 
solid representation of the part that can also be rotated.  
Furthermore, it is possible to rapidly scroll through a 
series of images, so gaining an enhanced appreciation 
of the anatomy of the part.   The transport of images is 
also made simpler in that it is no longer necessary to send 
hard copy films from one location to another.  Transport 
of images is now on CD ROMs with significant amounts 
of image material in one disc or on portable external hard 
drives (up to 2Tb).  Alternatively, image data can be sent 
over the Internet. With this sort of data transfer the issue 
of data security arises.  Although this may not be an issue 
in Egyptology, it is a serious concern when dealing with 
patients and ‘patient confidentiality’.

It should be noted, however, that although images shown 
as 3D reconstructions are very impressive (some years 
ago the reconstructions looked rather ‘pixelated’ as if 
constructed with miniature Lego bricks, whereas they are 
now smooth and lifelike), they only demonstrate the outer 
‘solid’ appearance rather than the internal structure of a 
part which might otherwise have been seen in a planar 
view (sagittal, axial or coronal).  They do, nevertheless, 
have their place, for example in examining the teeth and 
assessing periodontal disease.  More recently, image 
manipulation development has allowed a technique called 
‘virtual fly through’ which reconstructs ‘3D’ images of the 
internal cavities of the body.

1.5.3 Current use of radiography in mummy studies

The abnormalities to be found in mummies include those 
resulting from pre-mortem disease or trauma, those 
resulting from the embalming/mummification process and 
those that have resulted from the subsequent handling, 
transport and treatment of the subject.  Changes resulting 
from disease should be easily recognisable and will be 
well described in radiology textbooks.  Trauma should 
be recognisable as matching the known patterns of injury 
as described in orthopaedic textbooks and literature in 
general.  If these two groups of changes are eliminated 
then the other changes seen can be attributable to either 
mummification or the subsequent ‘treatment’ of the 
mummies.  Changes due to damage relating to handling 
and transport will be influenced by the integrity of the 
mummy.  For example, if a mummy is fully wrapped and 
otherwise undisturbed, then transport damage is likely 
to be generalised and not localised, whereas localised 
change is more likely to be the result of locally induced 

damage such as would occur during mummification 
(unless there is clear evidence of damage to an area of 
overlying bandaging or cartonnage which would indicate 
localised handling damage).  However, the susceptibility 
to such damage would inevitably be influenced by the 
durability and strength of the body – an attribute which 
is related and in proportion to the excellence or otherwise 
of the mummification process.  Unfortunately, the picture 
can be complicated by previous invasive archaeological/
biomedical examination such as endoscopy or tissue 
sampling.  However, these procedures would be expected 
to have been recorded and therefore it should be possible 
to unravel the evidence.

Given that the process of mummification will almost 
certainly have involved extraction of the viscera (+/- the 
brain), examination of body images can be restricted to the 
structure of the head, neck, body wall of the trunk and the 
limbs.  There may also be evidence of objects within the 
cavities of the skull, trunk and wrappings.  These may be 
of a variety of origins, for example, returned mummified 
viscera or packing with or without amulets etc.  With 
regard to the tissues of the body wall and limbs, these will 
inevitably be distorted from the normal expected anatomy 
by the process of desiccation during mummification.  The 
amount of distortion will be proportional to the volume 
of water normally found within those tissues.  Hence the 
distortion of bone will be undetectable, whilst that of fat 
and muscle will be significant.

Positional abnormalities in the body during life can 
be due to muscle activity (e.g. torticollis), to soft tissue 
contractures (e.g. a long standing claw hand following a 
stroke) or to abnormal bone shape (e.g. following fracture 
mal-union).  However, interpretation of abnormal posture 
in mummies must be undertaken with care.  For example, 
there are instances of reported scoliosis in museum 
exhibits where there is only lateral curvature of the spine.  
In fact, in life, scoliosis consists of both curvature and 
rotation of the spine.  Pahor and Cole reported a case of 
supposed torticollis where the torticollis was supposed to 
be secondary to infection following a wound (Pahor and 
Cole, 1995:273-276).  This is clearly unlikely as such a 
deformity is due to muscle spasm and this would have 
ceased upon death.

Analysis of combinations of abnormalities/injuries can 
help in the detection of those that could have occurred 
during life and those that are unlikely to be pre-mortem.  An 
example will be given later where there is a combination 
of disruption of the pelvic ring (complete dislocation of a 
sacro-iliac joint with disruption of the pubic symphysis) 
with dislocation of both hip joints.  This is almost 
impossible as the result of trauma (and a combination of 
injury never seen by the author in forty years of clinical 
orthopaedic practice).  Both the bony pelvis and the hip 
joint are very stable, strong structures because of the 
intrinsic shape of the constituent bones and the strength 
of the ligaments.   Because of this, the force necessary to 
cause the initial injury to one of these structures (pelvic 
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ring or hip joint) can only result in further displacement 
of the resulting separated parts (if there is any residual 
energy) rather than being transferred to the other structure 
(the path of least resistance).  

The timing of fractures in relation to the time of death 
requires knowledge of the fracture healing process.  
The following comments apply to most bones with the 
exception of the skull and spine.  After a bone has been 
fractured bleeding occurs.  This causes swelling which may 
be observed in the proximity of the fracture.  Evidence of 
swelling may remain after desiccation.  Within a short time 
(varying from about a week in children to two weeks in 
adults) calcium will be laid down within the haematoma.  
This will be seen in Xray images.  The calcium in the callus 
renders it more prominent on Xray as time progresses.  
Eventually the fracture is healed by callus that then 
undergoes remodeling resulting in the final appearance of 
the healed fracture.  From this description it can be seen 
that any visible callus indicates that the fracture occurred 
at least one or two weeks prior to death.  The absence of 
callus indicates that the fracture occurred within a week or 
two prior to death or after death.  Although the presence of 
swelling may help to differentiate the timing, its absence 
does not.

The integrity of the skeleton as a whole within a mummy 
will depend upon the ligaments.  In turn the integrity of 
the ligaments will be influenced by the excellence or 
otherwise of the original mummification process and by 
subsequent handling.  Alternatively, the ligaments may 
have been damaged pre-mortem by disease or trauma or 
post-mortem during the mummification process. 

1.6 Aims and Objectives

Although much has been written concerning mummy 
studies and, in particular, the use of modern medical 
imaging techniques in those studies, the current literature 
concentrates on confirming (or otherwise) pre-existing 
concepts regarding the techniques used.  These consist 
of historical descriptions from Herodotus and Diordorus.  
The detailed analysis of CT image files (Dicom data files) 
by a trained medical professional presents the opportunity 
for a fresh approach.  This gives the chance to change the 
parameters of the data.

Whilst excerebration has previously been classified as 
either trans-nasal or trans-foraminal (or excerebration 
absent), this research will also assess the direction of 
the trans-nasal approach with particular reference to the 
structures perforated / damaged during the process.

The treatment of the eyes during embalming has not been 
studied to any great extent in the past and will be analysed 
in this document.

Evisceration has received attention in the past, but a 
detailed analysis of organ removal, treatment and return in 
various forms will be performed.

The use of embalming ‘unguents’ such as resin will be 
identified and patterns of usage (if any) will be noted.

Having acquired the necessary data, it will be evaluated 
to identify any patterns of technique related to era and 
location.  An initial aim to assess the relationship of 
mummification technique to status was not pursued 
because of the fragmentary descriptions of status in the 
provenance data available.

Any new techniques observed will be described and 
techniques that appear to be related to specific locations 
and/or eras will be identified.

Previously accepted techniques will be critically assessed 
where the evidence justifies this.

1.6.1 Current Literature

Although other studies have sought to analyse the 
presence, absence or variation from ‘classical’ techniques 
in mummification they have been based, largely, on meta-
analyses of previous observers (Wade et al, 2011: 248-
269 and Wade, Nelson, 2013: 1-28).  The method in the 
current study is the personal observation and analysis of 
CT images to form independent opinion rather than rely 
upon the observations and interpretations of others.

Previous reports of the CT examination of mummies have 
frequently concentrated on the analysis of one, two or 
three mummies rather than an extensive series.  These are 
often published in the medical journals and four examples 
of such publications are given, although many more exist 
(Ruhli, Chhem, Boni, 2004:218-227), (Chhem, 2006: 803-
804) , (Gupta et al, 2008: 705-713) , (Cavka et al, 2012: 
2151-2157).
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Chapter Two

Methods

2.1 Source of Materials

2.1.1    Location of material

In the first instance, museums in the UK were located 
using a combination of personal knowledge, web searches 
for ‘museums in the UK’ and reference to the Museums 
and Galleries Year Book.  An initial approach was made 
by email to ascertain whether the institution had any 
Egyptian mummies.  This resulted in an ‘uptake’, i.e. 
response, in about 50% of cases.  Of these responses only 
a few museums were found to possess Egyptian human 
mummies. The question was then posed as to whether 
these mummies had been subjected to medical imaging. 

An initial decision was made to investigate all responses, 
including those where only plain X-ray films were 
available.  This resulted in an early visit to the Royal Albert 
Memorial Museum and Art Gallery, Exeter.  As a result, a 
report was compiled on those films and the data provided.  
This was compared with CT data collected from mummies 

in the Birmingham Museum and Art Gallery.  The result of 
this comparison will be discussed below.

As a result of the paucity of responses from the UK (with 
the exception of the British Museum [BM], Birmingham, 
Liverpool and Manchester) a decision was made to widen 
the field of enquiry to include Europe and the USA.  Whilst 
positive responses were initially received from a couple of 
locations in the USA, the agreement to provide data was, 
eventually, not forthcoming.  Therefore, no material from 
the USA is included in this study.

Appendix 1 shows a list of the museums contacted.

Positive responses were received from the Centre of 
Evolutionary Medicine (IEM), the University of Zurich 
and from the Egyptian Museum in Turin.

Table 2.1 (on pages 9-10) shows the distribution of 
mummies included in this study with their current 
locations, historical era and original locations.  Table 2.2 
shows the grouping of the current locations.

NUMBER MUSEUM MUMMY
NAME

ORIGIN PERIOD

I Birmingham Graeco-Roman Unknown Roman
II Birmingham Namenkhetamun Thebes D26
III Birmingham Padimut Thebes D20-21
IV Exeter Shepenmut Thebes D22
V Sheffield Nesitanebetasheru Thebes D25
VI Sheffield Djedma’atiuesankh Thebes D26
VII Ipswich Tahathor Thebes D25
VIII Liverpool Padiamun - 53.72a Thebes D22
IX Liverpool Padiamunnebnesuttauwy Thebes D25
X Liverpool Nesmin Akhmim Ptolemaic
XI Liverpool Padiamun - M14003 Thebes D26
XII Manchester MM1768 Faiyum Roman
XIII Manchester MM1767 Faiyum Roman
XIV Manchester MM1777 - Asru Thebes D26
XV Liverpool 13.10.11.25 Hawara Roman
XVI Liverpool M13997a Thebes Roman
XVII Liverpool Ankhesenaset – 

M 14000
Thebes 3IP

XVIII Liverpool M14048 Thebes Roman
XIX Zurich Altdorf Child Unknown Roman
XX Zurich TaDjIsis - K1205 Thebes D26
XXI Zurich Lausanne - 490 Unknown 3IP
XXII Zurich Bern - 00/2 Unknown Unknown
XXIII Zurich Yverdon - Nes-Shou - MY/3775 Akhmim Ptolemaic
XXIV Zurich Basel - BSAE.1030 El-Hibe Roman
XXV Zurich Geneva - TjesMoutPert - D0242 Thebes D22-25
XXVI Zurich Geneva - Infant Unknown Unknown





11

�D�›�ã�«�Ê�—�Ý

2.1.2  Formats of Material

The format of the X-rays from Exeter is, clearly, hard copy 
X-ray film analysed using a light box.

The CT scans from Sheffield were in analogue form.  That 
is they were displayed as ‘thumbnails’ on X-ray film (20 
thumbnails to each film) and, again, analysed on a light box.

All other mummy data was provided in digital form.  
However, the CT scanning machines used to acquire data 
varied from location to location.

The Manchester mummies were scanned on a Siemens 
Somatom Definition AS+ machine.

The Zurich mummy collection was, in fact, taken from 
nine different museums in Switzerland and the CT scans 
were performed on at least six different types of machine, 
including models of Siemens, Toshiba and Philips 
manufacture.

The mummies from Liverpool were scanned using a 
Siemens Somatom Definition Flash machine.

Those from the British Museum were scanned using a 
GE Lightspeed Pro 32 machine and a Siemens Somatom 
Definition Flash machine.

The mummies from Birmingham were scanned on a 
Toshiba Aquilion 64 machine.

Turin mummies were scanned at the Ospedale Molinette, 
Turin on 5/5/12 on a GE  Lightspeed Pro 16.

The mummy from the Ipswich Museum was scanned on a 
Siemens Definition AS scanner.

The Sheffield mummies were scanned on a Siemens 
Somatom CR machine.

The slice thicknesses used varied from 3.0 mms to 0.6 mms.

2.1.3 Dicom readers

In all cases of digital format image, there was a requirement 
to have a Dicom Reader available.  On some occasions, 
(for example in the case of the Birmingham mummies) 
the Dicom Reader used was that provided by the hospital 
PACS supplier.  In the case of Birmingham the PACS was 
a GE PACS and the Reader was GE Centricity, whilst the 
mummy from Ipswich had the data supplied via a Kodak 
Reader.

Clearly, with a number of potentially different formats to 
deal with, it was necessary to find a Dicom Reader that 
could accommodate the different formats.  The result 
was that Osirix was chosen for its flexibility and overall 
versatility of performance.  This required the use of an 
Apple computer as Osirix only works on such a machine.

The Osirix 64-bit programme was chosen part way 
through the study as being superior in performance to the 
32-bit version.  This superiority is seen particularly when 
processing 3D image reconstructions, especially when 
using the clipping tool, these being functions requiring 
significant processing power. 

2.2  Constraints

2.2.1  Intellectual Property Considerations

Until recently, Intellectual Property rights were rarely 
considered and CT scans on mummies from museums 
were performed largely as a result of the ‘goodwill’ of 
hospital staff.  On many occasions no fee was paid for 
the service and staff were happy to do the work free and 
gratis. However, with the increasing concerns of people 
to ‘protect’ their interests, the subject of IP rights has to 
be considered.  In some cases, in this study, permission 
was given to the author to copy the full CT scan data so 
that analysis could be performed without time constraints 
(and the possibility of re-examination of the ‘raw’ data 
was always possible).  However in the case of the Zurich 
collection, the full data set was made available, but only on 
site in Zurich – necessitating two visits to the University of 
Zurich, where full facilities were made available.

In the case of Turin, access to the Dicom files was only 
permitted on the hospital computers (within a busy 
department and outside normal working hours when 
accompanied by a member of staff).  Furthermore, image 
copying was restricted to one image per mummy.  For a 
variety of reasons access to the files was only made available 
on one occasion – so restricting the number of analyses to 
three.  Further access is currently under discussion, but 
unlikely to occur within the next twelve months.

2.2.2  Technical Constraints

The CT scans used in this study were acquired over a 
period of twenty years.  This resulted in there being a 
considerable difference in the quality of images between 
those acquired in 1992 and those acquired in 2013.  This is 
reflected in the amount of detail available in each case and 
in the clarity of image. 

Further issues were encountered as the result of the 
radiographic parameters used on various occasions.  For 
example, the slice thickness chosen was not always the 
thinnest and the file contents were variable, in that on 
some occasions a file would be of the CT ‘run’ of the head 
and neck only, followed by the thorax and so on.  On one 
occasion, this resulted in very small collections of slices 
making reconstructions (particularly 3D reconstructions) 
very difficult to the point where they were meaningless.

Images were made available, in the case of Manchester, 
Liverpool, the British Museum and Zurich (IEM) in the 
format of either direct access to the files on External Hard 
Drive or by direct access to the server holding the files.  
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Dates and locations from IEM records except those shown below 
as K and S taken from Kuffer and Siegmann (Kuffer, Siegmann, 
2007 – pages shown below).

XIX – XXVI and XL - IEM

XXXVI – K and S P152-156

XXXVII – K and S P138-146

XXXVIII – K and S P110-121

XXXIX – K and S P93-99

XLI – K and S P189.  Carbon 14 dating to 3BC – 128AD.

2.3 Age at death

The age at death was estimated, in adults, by dental 
wear and pathology such as loss of teeth and periodontal 
pathology.  It is recognized that this method has limited 
accuracy.  This was combined with skeletal degenerative 
changes such as osteophyte formation.  Loss of joint space 
was regarded as of no value in view of the probable effects 
of desiccation.  This resulted in the characterization of 
adult age as being young adult, middle aged or elderly.

In children the age was estimated by a combination of 
dental eruption and ossific centre appearance and fusion.  
Data for this was taken from Gray’s Anatomy (Johnston, 
Davies and Davies, 1958: 226-449 and 1371).  Occasional 
cross-references were made to Greulich and Pyle (Greulich 
and Pyle, 1959).  Other methods of age assessment were 
considered but regarded as unnecessary as a ‘forensic’ 
accuracy was not required and the whole method could be 
criticized in that the estimates are made with reference to 
modern European or USA children.  This resulted in an age 
for children being given as a range of years probable.  If a 
conflict occurred between the two methods an assessment 
was made as to the more likely occurrence of the pathology 
to explain the outlier estimation.  For example if there was 
a dental age of, say, eleven and a bone age of seventeen or 
more, then the options to explain this phenomenon were 
either a delay in dental eruption or advanced skeletal age 
due to a pituitary tumour.  In the absence of a pituitary 
tumour (with expansion of the pituitary fossa) then 
delayed dental eruption was regarded as the more likely 
explanation.  Discussion with Paediatric Radiologists 
(Dr. H. Foster and Dr. C. Johnson, Pers. Comm. 2013) 
confirmed this decision.

It is accepted that both methods of age estimation are 
vague and of limited accuracy.

2.4 Estimation of sex

Although the sex of the individual was sometimes given 
in the information on a coffin or other document, this was 
not taken as a certain fact.  Therefore the estimation of 
the sex of an individual was always attempted.  The most 
obvious marker was the presence of external genitalia.  
This provided more certainty in the male than the female 
as the detail of the perineum was sometimes obscured by 
desiccation.  In the case of females, the presence of breasts 

was rarely seen conclusively or convincingly.  However 
more indirect methods of sex estimation were also used.  
These included the presence of bold muscle origin and 
insertion bone markings and the presence of prominent 
brow ridges and the glabella in males.  The shape of the 
pelvic inlet, the sub-pubic angle and the shape of the 
sciatic notch were also used as markers.

2.5 Palaeopathology

During the analysis of each mummy, any pathology was 
noted.  However, it was not the intent of this study to 
record all pathologies.  The fact that the cause of death is 
so frequently not shown is a reflection of the fact that the 
majority of deaths are reflected in the soft tissues (which 
are, by definition, distorted by desiccation).  Deaths due 
to infection and cancers without bone metastases will 
not be shown with any degree of reliability.  However, 
pathologies such as skeletal degenerative disease, fractures 
and deformities were noted.  If possible, the relationship to 
the time of death was also noted. 

2.6 Individual Reports

2.6.1 Principle of Reports

As each CT scan data set became available it was analysed 
in three planes (axial, sagittal and coronal) and in 3D 
reconstruction.  Whilst the three planes provided the most 
useful information, 3D reconstruction did allow better 
evaluation of the dental state and the anatomy of the 
ribs than planar views.  It was also possible to cut away 
superficial structures such as bandages to allow better 
visualization of the underlying features.

A unique number was assigned to each report for ease of 
reference.

Each report was designed to be of maximum value to the 
museum possessing the mummy and to this end more 
information was gathered than strictly necessary for this 
study.  

A copy of an unfilled report is given below.

No. - Name Museum - Catalogue Number 
General Introduction and description
General  
Sex, age, state, other damage, dental status
Regional Review
Head   
Cavity, perforation, eyes, mouth, etc.
Neck
Thorax
Abdomen
Pelvis and Hips
Spine
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Chapter Three

Results – General 

A total of sixty individual reports have been prepared.  
However, of these one is of X-rays of a mummy in 
Exeter and will be used in the next section to illustrate the 
constraints of this method of investigation when compared 
with the data afforded by modern CT scans.

Of the remaining fifty nine scans, two were available only 
in analogue form and, therefore, analysis was restricted 
to viewing ‘thumbnail’ images of axial views without the 
opportunity to ‘reconstruct’ images in other planes or in 
3D.

Fifty-seven CT image data sets are in digital format.

3.1  Comparison of Xrays, Older CT scans and Modern CT 
scans (digital   format)

3.1.1 X-ray of Exeter Mummy (Shepenmut – Cat. No. 
11/3)

The information on this mummy from the plain X-rays is 
so sparse that the following report contains only a small 
amount of information – but all that was available.

-----------------------

IV  Shepenmut – Exeter Mummy (Museum Catalogue 
No:11/3)   

This mummy lies within a cartonnage case that has 
previously been opened to allow examination and 
investigation.  The cartonnage was then resealed and 
the mummy is not, currently, available for examination.  
Museum records show that it is the body of Shepenmut, a 
priestess in the temple of Amun Re at Thebes in or around 
800 BC.  That is during the Third Intermediate Period - 
probably Dynasty 22.  The mummy was donated by a Mr. 
West of Exeter in 1897.  In the early 1960s the mummy 
was X-rayed and subsequently underwent examination 
by the curator, Mr. Adams.  This examination in 1965/66 
included an ‘operation’ to remove part of the spine.  This 
was performed because a likely diagnosis of ochronosis 
was made radiologically.  The spine, once removed, 
was send to a Professor Dent in London for analysis.  
Unfortunately, there is no record of the results of this 
investigation – if it ever took place!  Mr. Adams described 
the whole procedure in 1990 (Adams, 1990: 9-19).

General

Unfortunately, the only images are X-rays and their quality 
is barely average.  Whilst the skull is seen, it is not possible 
to determine whether or not the cribriform plate was 
perforated.  It is also impossible to determine the state of 
the teeth other than the fact that they are present. The long 
bone epiphyses are fused indicating that this is an adult.  
The pelvis shows a wide sub-pubic angle and a round 
pelvic brim, indicating that it is that of a female.  There are 
canopic packages within the body cavity.  The hands are 
seen overlying the hip area.

Unfortunately, there is little more that can be extracted 
from the X-rays other than the presence of mild arthritic 
change.  The mummy itself was returned to the cartonnage 
case, which was then sealed so preventing further direct 
examination.

--------------------------

As can be seen the information on mummification 
technique is virtually absent with no evidence relating 
to excerebration or evisceration methods.  The only 
information of value is that there are two canopic packages 
within the torso.

3.1.2  Older Generation CT scans of Nesitanebetasheru 
and Djedma’atiuesankh in Sheffield Museum

Both reports follow to illustrate the level of information 
available in analogue Dicom files. 

V Nesitanebetasheru – Sheffield Museum (Cat. No. 
J93.1283)

This mummy consists of a wrapped body sealed 
inside a cartonnage case and placed within a wooden 
anthropomorphic coffin.  The museum records indicate 
that the body is that of a middle aged female from Dynasty 
25 and from Thebes.  The mummy was acquired in 1858 by 
a Mr. Bateman and incorporated into his collection.  It was, 
subsequently, bought for the Sheffield Museum collection.

The mummy was CT scanned on 7/7/92 and the resulting 
images are available as thumbnails on X-ray film.  It was 
also X-rayed on 29/6/92. The CT scan was performed on a 
Siemens Somatom CR machine.
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Chapter Seven

Results related to Demographics and Palaeopathology

7.1 Age at Death

This was briefly discussed in Chapter Two 2.3 (P 13).  
In the context of this research project exact age at death 
is not required (as it would be in a forensic arena).  In 
children (C) the age was estimated as accurately as dental 
and epiphyseal signs allowed.  In adults the age grouping 
was given as ‘young adult’ (YA), ‘middle aged’ (MA) and 
‘elderly’ (E).  This grouping was assigned taking note of 
dental wear and pathology and skeletal wear (joints and 
spine).  The transition from Child to Young Adult is taken 
as eighteen years.  Transition from Young Adult to Middle 

Age is taken as thirty years.  The transition from Middle 
Age to Elderly is taken as sixty years.  However it is 
realized that these designations are arbitrary and inexact.  

7.1.1 Results

Of the sixty mummies available for study, two were 
disorganized and two lacked sufficient detail in the images 
to determine age.  After removing the false mummy 
the remaining fifty-five were analysed.  The results are 
summarized in Table 7.1

NUMBER ORIGIN AGE ERA
I Birmingham – Graeco-Roman YA Roman
II Birmingham – Namenkhetamun MA D26
III Birmingham – Padimut MA D20-21
IV Exeter – Shepenmut ? D22
V Sheffield – Nesitanebetasheru ? D25
VI Sheffield – Djedma’atiuesankh C – 13-16 D26
VII Ipswich – Tahathor YA D25
VIII Liverpool – Padiamun – 53.72a YA D22
IX Liverpool – Padiamunnebnesuttauwy MA D25
X Liverpool – Nesmin MA Ptolemaic
XI Liverpool – Padiamun – M14003 E D26
XII Manchester – MM1768 YA Roman
XIII Manchester – MM1767 MA Roman
XIV Manchester – MM1777 – Asru MA D26
XV Liverpool – 13.10.11.25 C – 5 Roman
XVI Liverpool – M13997a YA Roman
XVII Liverpool – Ankhesenaset MA 3IP
XVIII Liverpool- M14048 YA Roman
XIX Zurich – Altdorf Child C – 3-4 Roman
XX Zurich – TaDjIsis – K1205 I D26
XXI Zurich – Lausanne – 490 FALSE 3IP
XXII Zurich – Bern – 00/2 MA Unknown
XXIII Zurich – Yverdon – Nes-Shou – MY/3775 E Ptolemaic
XXIV Zurich – Basel – BSAE.1030 MA Roman
XXV Zurich – Geneva – TjesMoutPert – D0242 E D22-25
XXVI Zurich – Geneva – Infant C – 6 Unknown
XXVII Manchester – Demetria – MM11630 YA Roman
XXVIII Manchester – Ta-Sheri-Ankh – MM13783 YA Ptolemaic
XXIX BM – Hor – EA6659 MA D22
XXX BM – Ankh-Unen-Nefer – EA6681 MA D25
XXXI BM – Padiamunet – EA6682 MA D25
XXXII BM – EA20744 C – 15-19 D22
XXXIII BM – EA22939 MA D22
XXXIV BM – EA25258 MA D22
XXXV BM – EA29577 ?YA D22
XXXVI Zurich – Bern – AE9 YA Ptolemaic
XXXVII Zurich – Lenzburg – Sherit-Min MA Ptolemaic
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Chapter Eight

Discussion of mummification techniques related to era, geographic 
location and age at death

8.1 Introduction

The above results have been presented in an order related 
to anatomical regions.  The decision to do this emanated 
from the fact that analysis of the CT scans was akin to 
performing a ‘virtual autopsy’.  Many authors have 
described the concept of performing a ‘virtual autopsy’ by 
CT scan – examples are Donchin et al. in 1994 (Donchin et 
al., 1994: 552-555) and Dirnhofer et al in 2006 (Dirnhofer 
et al., 2006: 1305-1333).  The use of a CT scan as a ‘Virtual 
autopsy’ was also used by Taylor in the Egyptology arena 
(Taylor, 2004).  There are many other examples of the 
use of this term in the radiological and forensic medicine 
literature.  The value of this technique is that there is 
no damage to the mummy and therefore the process 
is repeatable if thought desirable.  The only risk to the 
mummy is a physical one during the period of transport.  
There is no evidence to support the concept of damage to 
the ancient DNA when using medical diagnostic equipment 
(Wanek, Speller, Rühli, 2013: 397-410).  Furthermore, the 
resultant Dicom image files can easily be transmitted to 
researchers and can be analysed with whichever software 
packages are considered appropriate at that point in time.

The topic of Dicom Reader software has been mentioned 
before (Chapter Two - P 11) but it should be mentioned here 
that the choice of Reader software can make fundamental 
differences to the outcome of the analysis.  Initial reports 
in this project were composed using the Dicom reader 
software from the hospital where the examination was 
performed.  This either linked to the installed CT machine 
or to the PACS software used to handle images at the 
hospital.  The limitation of such an approach is that all 
manipulation and reconstruction of images has to be 
performed in the hospital prior to downloading the files 
to the researcher/museum.  Subsequently in the project, 
images were analysed using stand-alone software.  This 
was, initially, the Osirix 32 bit programme.  In April 2013, 
Osirix 64 bit software was obtained.  This resulted in a 
significant increase in the detail of the images, so leading to 
the need to revise some details of several of the reports.  An 
example of this relates to the course of the skin around the 
region of the lower jaw.  In earlier analyses this appeared 
to be superficial to ‘packing’ in some cases.  However, 
with the newer software it became apparent that the skin 
was, in fact, deep to that packing.  Clearly, this resulted in 
the diagnosis of subcutaneous packing being revised.  As a 
result, all available image files were re-examined.

The foregoing suggests that CT scans of mummies need 
to be reviewed from time to time and a decision made as 
to whether further examinations should be undertaken 
on more modern machines and re-analysed using current 
software (Loynes et al, 2013) 

Other concepts that require discussion are ‘burden of 
proof’ and ‘Occam’s Razor’.  There are two different 
‘burden of proof’ requirements set in English Law.  The 
first is in the field of criminal justice where the burden 
is that of ‘beyond reasonable doubt’.  This is difficult 
to define mathematically but is supposed to be close to 
100%.  However, in civil law, the burden is ‘on the balance 
of probabilities’.  This is much easier to define and is 51% 
and above.  Where opinions are given in this document 
they are ‘on the balance of probabilities’.

Occam’s Razor is a principle attributed to a Franciscan 
friar in the fourteenth century from the village of Ockham 
in Surrey (William of Ockham).  In simple terms it states 
that entities should not be multiplied unnecessarily and that 
where two competing theories make the same predictions, 
the simpler one is better  (this used to be taught in the 
medical curriculum as ‘commonest things are commonest!’ 
and ‘sparrows are far more plentiful than canaries’).  This 
principle will be followed in this document.

The initial aim of this research was to find patterns of 
embalming technique related to historical era and to 
locations in ancient Egypt.  There is insufficient reliable 
information in the available provenance of mummies to 
detect patterns of embalming/mummification related to 
status (which had been another of the initial aims).

Within this cohort of cases there are several which have 
been damaged somewhere along the ‘journey’ from 
the death of the individual to their current location in 
museums.  These continue to provide useful but not 
complete information.  All available information will be 
used where possible.

8.2 Patterns of mummification related to era

A list of the mummies studied, grouped in similar eras is 
shown in Table 8.1 and the numbers in each era are shown 
in Tables 8.2 and 8.3.
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a perineal approach or both.  Unsurprisingly, where a 
perineal approach alone has been used the evisceration 
is incomplete.  Where a left flank incision has been used, 
then complete evisceration has been effected.

The viscera have not been returned to the body as either 
canopic packages or loose in any of the ten mummies from 
the Fayum region, nor has any intra-corporeal packing 
been used in these mummies.

One feature of mummies from the Roman era is the 
distortion of the chest wall seen in many of them.  This 
will be discussed as a separate issue later.

8.3 Analysis of Specific Mummies

8.3.1  Mummy XXV – TjesMoutPert

This mummy is from Geneva Museum.  The rationale 
for considering it separately is that the provenance 
places it vaguely in ‘ Dynasty 22 to 25’.  Given that this 
covers almost three hundred years and most of the Third 
Intermediate Period, an attempt to associate it within a 
shorter timescale was thought to be appropriate.  

Analysis will follow that previously used.

Excerebration has been performed via the ethmoid and 
most of the brain removed.  There are remnants of the 
brain within the cranial cavity.  There is some debris and a 
little resin in the posterior cranial fossa.

The eyes have been retained and packed with resin soaked 
linen.  The amount of resin used to ‘soak’ the linen is much 
greater in the left globe packing than in the right.

A small amount of linen has been introduced into the back 
of the mouth.

There is no subcutaneous packing in the neck.

The abdomen has been thoroughly eviscerated through a 
left flank incision and granular material introduced into 
the cavity compressing the remains of the pelvic organs 
from above.  It is possible to see the remains of the pelvic 
viscera and the usual orifices in the perineum.

Although the abdomen has been eviscerated and the 
diaphragm perforated, only the lungs have been removed 
from the thoracic cavity.  The mediastinum and its contents 
(heart and great vessels) can be seen clearly.

Comparing these findings with those of Dynasties 22 and 
25, they show a greater affinity with Dynasty 25 than 22.  
The support for this statement is that the excerebration 
route was more horizontal in Dynasty 22 and granular 
packing material is used more frequently in the abdomen 
in that dynasty.  However, retention of the mediastinal 
structures occurs more frequently in Dynasty 22 (in 
fact, not at all in Dynasty 25 – in this series).  With the 

intervening dynasties being unrepresented it is difficult 
to be dogmatic, but the findings may indicate a dynasty 
between the twenty-third and the twenty-fourth with a 
greater likelihood of the latter.

8.3.2  Mummy LI – Khary

The mummy of Khary in Manchester Museum was 
originally thought to be from Dynasty 19 and until recently 
the museum records reflected this.  The original designation 
of Dynasty 19 was acquired from the coffin in which the 
mummy was contained on arrival at the museum (David, 
1979:1).  The mummy’s provenance was challenged 
because the arm position – crossed over the chest with 
the left hand flexed – was thought by Raven (Raven and 
Taconis, 2005: 133) to be far more characteristic of the 
Ptolemaic Period.  However, the Leiden mummy with 
which it was compared did not have the left hand flexed 
and, uncharacteristically, had the left arm superficial to the 
right.  Furthermore, the reference used by them is that of 
Gray (Gray, 1972: 200-204).  This is discussed on page 
185.

Further confusion arises from the fact that in the series 
under consideration, there is one mummy – Mummy L 
– that is not from the Ptolemaic period.  Although not in 
this series, the mummy described by Dr. Granville that has 
been discussed by several authors including Donoghue 
et al (Donoghue et al, 2010: 51-56) is illustrated with 
crossed arms with the right superficial to the left and with 
the fingers of the left hand flexed.  This mummy is from 
Dynasty 26.  Therefore the case for all non-royal mummies 
with flexed arms being from the Ptolemaic Period is far 
from proven.

Under these circumstances the provenance in the case of 
Mummy LI should be regarded as ‘open’.  

The manner in which other mummies have been analysed 
will be followed in this case.

Excerebration has been performed via a relatively small 
perforation in the cribriform plate (through the ethmoid) 
and the brain completely removed.  This is despite the fact 
that the meninges have, in large part, been retained.  A 
copious amount of resin has then been introduced into the 
cranial cavity (sufficient to run into the spinal canal in the 
upper cervical region).  The nose has then been sealed with 
two linen tampons.

The eyes have been retained and the globes packed with 
resin-soaked linen.

Although there is a small amount of resin within the 
posterior part of the naso- and oro-pharynx, there has been 
no attempt to pack the mouth.

There is no subcutaneous packing in the neck.
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The argument that the resilience of the provenance of stated 
locations may be questioned by suggesting that mummies 
could have been transported to Thebes (for example) to 
increase value in the ‘tourist’ market, may have some merit 

but the evidence for this is slight.  Under the circumstances 
of more robust information being unavailable, the stated 
locations have been used.  The distribution of mummies by 
location can be found in Table 3.3.

NUMBER MUSEUM MUMMY
NAME

ORIGIN PERIOD

XII Manchester MM1768 Fayum Roman
XIII Manchester MM1767 Fayum Roman
XLIII Turin (Tebtynis) – Suppl.19691 Fayum Ptolemaic ??
XV Liverpool 13.10.11.25 Hawara Roman
XXVII Manchester  Demetria – MM11630 Hawara Roman
XLV Manchester MM1766 Hawara Roman
XLVII Manchester MM1769 Hawara Roman
LII Manchester MM9319 – child ?Hawara Roman
LVI Manchester MM2109 Hawara Roman
LVII Manchester  MM1775 – Artemidorus Hawara Roman
LIX BM EA 22108 Child Hawara Roman
XLVIII Manchester MM3496 Gurob D18
XXIV Zurich Basel – BSAE.1030 El-Hibe Roman
XLII Turin Taaset – Suppl.9480 Assiut Ptolemaic
X Liverpool Nesmin Akhmim Ptolemaic
XXIII Zurich Yverdon – Nes-Shou – 

MY/3775
Akhmim Ptolemaic

XXVIII Manchester Ta-Sheri-Ankh – MM13783 Akhmim Ptolemaic
XXXVI Zurich Bern – AE9 Akhmim Ptolemaic
XXXVII Zurich Lenzburg – Sherit-Min Akhmim Ptolemaic
L Perth 23/1936 Akhmim/Thebes D26
II Birmingham Namenkhetamun Thebes D26
III Birmingham Padimut Thebes D20-21
IV Exeter Shepenmut Thebes D22
V Sheffield Nesitanebetasheru Thebes D25
VI Sheffield Djedma’atiuesankh Thebes D26
VII Ipswich Tahathor Thebes D25
VIII Liverpool Padiamun – 53.72a Thebes D22
IX Liverpool Padiamunnebnesuttauwy Thebes D25
XI Liverpool Padiamun – M14003 Thebes D26
XIV Manchester MM1777 – Asru Thebes D26
XVI Liverpool M13997a Thebes Roman
XVII Liverpool Ankhesenaset – M 14000 Thebes 3IP
XVIII Liverpool M14048 Thebes Roman
XX Zurich TaDjIsis – K1205 Thebes D26
XXV Zurich Geneva – TjesMoutPert – 

D0242
Thebes D22-25

XXIX BM Hor – EA6659 Thebes D22
XXX BM Ankh-Unen-Nefer – EA6681 Thebes D25
XXXI BM Padiamunet – EA6682 Thebes D25
XXXIII BM EA22939 Thebes D22
XXXIV BM EA25258 Thebes D22
XXXV BM EA29577 Thebes/Faiyum D22
XXXVIII Zurich St. Gallen – Shepenese Thebes D26
XXXIX Zurich St. Gallen – C3530 Thebes D21
XLVI Manchester MM10881 Thebes D26
XLIX Manchester  MM5053.a – Perenbast Thebes D22
LIII Manchester MM1976.51a Thebes D25
LX BM EA 6704 Thebes Roman
XXXII BM EA20744 Deir El Bahari D22
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Comparing the treatment of the trunk in the three groups 
of adults shows that if the two disorganized mummies in 
the young adult group are discounted there are twelve in 
this group, twenty-two in the middle age group and five in 
the elderly group.  Of these a left flank incision was used 
in 75 to 80% of all three groups.  A perineal approach was 
used in 30% to 40% of all groups with a slight bias towards 
the elderly.  The mediastinum was retained in increasing 
frequency with age, occurring in 60% of the elderly.  
Conversely complete evisceration was performed with 
decreasing frequency as age advanced.  Canopic package 
use changed from 60% in the young adult to 35% in middle 
age and back to 60% in the elderly.  Resin was used to pack 
the trunk cavity in 50% of cases in the young adult group, 
32% in middle age and 20% in the elderly, with granular 
material used in 25% in the young adult, 55% in middle 
age and 80% of the elderly group.  Whilst these figures 
may indicate significant differences between the groups 
the varying cohort sizes and small numbers involved do 
make comparison risky.  This risk is compounded by the 
fact that different locations and eras are involved.

However, for the sake of completeness they will be used 
to compare the children’s results with those of the adults.

If all the children are taken as one group a left flank incision 
was used in 50% of cases and no incision in 50%.  The 
mediastinum was retained in 25% of cases and complete 
evisceration performed in 16%.  Canopic packages were 
used in 25% of cases and the viscera returned loose in 8%.  
Granular material was inserted into the body cavity in 8% 
and resin used in 16% with linen also used in 16%.

The most obvious difference between child and adult 
mummification was the high percentage in which 
evisceration was omitted in the children.  However, this 
finding must be tempered by the fact that numbers are 
relatively small and time-scale (era) may have played a 
part.  Seven of the thirteen child mummies came from the 
Roman Period.

To complete the comparison it can be said that the use of 
novel routes for excerebration followed by less cranial 
packing is a feature of child mummification as are the 
less frequent use of eye globe packing and packing of the 
mouth.  Evisceration is used less frequently in children.  
With the caveat regarding small cohort numbers this points 
to a more casual approach used in child mummification.
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packing.  The eyes continued to be opened and packed.  
The mouth was packed but the neck packing used far less 
often.  Complete evisceration was used more than the 
incomplete procedure and the viscera were returned either 
loose or as canopic packages.  Packing material was used 
in the torso.

9.9.4     The Late Period

Dynasty 26 is the only representation of the Late Period in 
this series.  This dynasty represents the rule of Egypt from 
Sais, in the Delta, by pharaohs at first controlled by the 
Assyrians although they later became totally independent.  
The eight mummies from this period show evidence of 
the continuing use of excerebration via a variety of routes 
from the traditional vertical trans-nasal route through the 
use of a more horizontal one via the sphenoid to the use of 
the trans-foraminal route.  Cranial cavity packing was used 
less frequently but the eyes remained frequently packed, as 
was the mouth.  Subcutaneous neck packing was no longer 
used.  Evisceration continued to be performed via the left 
flank with (in this series) one example of an additional 
perineal route.  The mediastinum was retained in all cases 
and the viscera returned to the body cavity.  The only 
obvious change was mediastinal retention.  

9.9.5     The Ptolemaic Period

This period followed conquest and subsequent rule by the 
Macedonians.  Excerebration continued by the ‘vertical’ 
route of trans-nasal excerebration but with the much more 
frequent use of resin as a cranial filler.  The eyes continued 
to be retained but were not opened and packed or covered 
with eye plates.  Mouths were packed in just over half 
the cases.  The left flank incision continued to be used 
but with the use of the perineal approach becoming more 
common.  However, this latter fact needs to be seen in the 
context that most of these mummies came from Akhmim.  
Retention of the mediastinum continued but only in cases 
of the exclusive use of the perineal approach.  Body cavity 
packing continued to be used in the majority of cases.

9.9.6     The Roman Period

Conquest by the Romans in 30 BC was followed by 
Roman rule until the fourth century AD.  The seventeen 
mummies from the period provide a useful reflection on 
embalming practices with the introduction of a lack of 
excerebration coupled with a lack of evisceration.  This 
and other changes are often interpreted as a ‘decline’ in 
mummification practices (Ikram and Dodson, 1998: 129).  
However, the fact that these mummies have survived to 
the present day does not accord well with this view.  There 
certainly was a change in funerary practice but this does 
not necessarily mean a decline.  The whole subject is 
discussed in section 9.7.

9.10     Practicalities from a surgeon’s aspect

Many things have been written about the techniques used 
by the ancient Egyptians during mummification but certain 
practicalities have been ignored.

The first of these is the subject of trans-foraminal 
excerebration.  Some authors have suggested that the 
absence of the brain combined with the presence of an 
intact cribriform plate should be taken as evidence of 
trans-foraminal excerebration.  

Considering the incision needed to access the foramen 
magnum (along with the necessary displacement of the 
skull from the cervical spine) it can readily be seen that 
inevitably there will be considerable disturbance of the 
atlanto-occipital region, which would not go unnoticed.  
It is, therefore, not a concept that can be accepted in the 
future.

Turning now to the size of abdominal incision, it has 
to be accepted that to perform a proper evisceration, 
including that of the thoracic cavity as far superiorly as the 
suprapleural membrane, it would be necessary to introduce 
the operator’s forearm almost as far as the elbow.  To do this 
would entail the need to pass the proximal forearm through 
the incision.  The measurement of the circumference of a 
5ft 4ins female reveals this to be twenty-two centimetres.  
The likelihood of a male in ancient Egypt having such 
a slim arm is questionable.  However, even with this 
measurement and allowing for a degree of skin and body 
wall elasticity, an incision of nine or ten centimetres would 
be required.

Consideration of the perineal approach to evisceration, if 
used alone, leads to the inevitable conclusion that access to 
any viscera beyond arm’s length would be difficult if not 
impossible, unless instrumentation was used.  It is therefore 
no surprise that evisceration through this route exclusively, 
often resulted in the retention of the mediastinum.

Excerebration or evisceration through the accepted routes 
means that most procedures were performed blind, with 
or without instruments which had themselves to be used 
blind.  The implication is that the people who performed 
these tasks were extremely skillful and, probably, had a 
considerable knowledge of human anatomy.  
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Appendix I

Museums and other institutions contacted

Aberdeen, Aberdeen Art Gallery and Museum - www.
aagm.co.uk 

Adelaide, South Australian Museum - www.samuseum.
sa.gov.au

Amsterdam, Amsterdam Museum - www.
amsterdammuseum.nl/en

Atlanta, Emery University - www.emory.edu 

Barnsley, Barnsley Museums - www.barnsley-museums.
com 

Belfast, National Museums Northern Ireland - www.nmni.
com/um

Blackpool, Blackpool Museum and Art Gallery - www.
world-guides.com/.../blackpool/blackpool_museums.html 

Berlin, Egyptian Museum - egyptian-museum-berlin.com

Blackburn, Blackburn Museum and Art Gallery - 
museum@blackburn.gov.uk

Bonn, Kunstmuseum- kunstmuseum-bonn.de 

Bradford, Bradford Museum and Art Gallery - www.
bradfordmuseums.org  

Brighton, Brighton Museum and Art Gallery - www.
brighton-hove rpml.org.uk/Museums

Bristol, Bristol Museum and Art Gallery - www.bristol.
gov.uk/museums

Burnley, Burnley Art Gallery and Museum, Towneley Hall 
- www.burnley.gov.uk/residents/towneley

Bury, Bury Art Museum - www.bury.gov.uk/index.
aspx?articleid=2537 

Cambridge, The Fitzwilliam Museum -www.cam.ac.uk/
museums 

Cardiff, National Museum - www.museumwales.ac.uk/en/
cardiff

Canterbury, Canterbury Museums - www.canterbury.
co.uk/museums

Carlisle, Tullie house Museum and Art Galery - www.
tulliehouse.co.uk

Cheltenham, The Wilson - www.cheltenhammuseum.org.
uk

Chester, Grosvenor Museum - www.cheshirewestmuseums.
org

Chesterfield, Chesterfield Museum - www.chesterfield.
gov.uk/Chesterfield-Museum

Chicago, The Field Museum - Fieldmuseum.org

Copenhagen, Ny Carlsberg Glyptotek - www.glyptoteket.
dk

Coventry, Herbert Art Gallery and Museum - www.
theherbert.org 

Denver, Denver Museums - www.denver.com/museums

Derby, Derby Museum and Art Gallery - www.
derbymuseums.org 

Dover, Dover Museum - www.dovermuseum.co.uk

Dudley, Dudley Museum and Art Gallery - www.dudley.
gov.uk/see-and-do/museums

Dundee, The McManus - www.mcmanus.co.uk 

Edinburgh, City Art Centre - www.edinburghmuseums.
org.uk 

Exeter, Royal Albert Memorial Museum and Art Gallery - 
www.rammuseum.org.uk 

Glasgow, Kelvingrove Art Gallery and museum - www.
glasgowlife.org.uk/museums

Gloucester, Gloucester City Museum and Art Gallery 
- www.thecityofgloucester.co.uk/.../museums-and-
exhibitions 

Grantham, Grantham Museum - www.granthammuseum.
org.uk

Harrogate, Mercer Art Gallery - www.harrogate.gov.uk/
musm

Hastings, Hastings museum and Art Gallery - www.hmag.
org.uk 

Hildersheim, Roemer und Pelizaeus Museum - www.
rpmuseum.de

Hull, Hull an east riding Museum - www.hullcc.gov.uk/
museums 

Ipswich, Colchester and Ipswich Museums - www.
cimuseums.org.uk

Lancaster, Lancaster City Museum - www.lancaster.gov.
uk/sports-and-leisure/museums

Leeds, Leeds City Museum - www.leeds.gov.uk/
museumsandgalleries

Leicester, Leicester Museums and Art Galleries - www.
leicester.gov.uk/museums 

Liverpool, National Museums - www.liverpoolmuseums.
org.uk

London, British museum - www.britishmuseum.org  

Manchester, Manchester Museum - www.museum.
manchester.ac.uk 

mailto:%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20museum@blackburn.gov.uk
http://ri.search.yahoo.com/_ylt=A7x9QaRU9hpTISEAqLdLBQx.;_ylu=X3oDMTE1YnRvaHJiBHNlYwNzcgRwb3MDNQRjb2xvA2lyZAR2dGlkA01TWVVLMDJfNzU-/RV=2/RE=1394304725/RO=10/RU=http%3a%2f%2fwww.kunstmuseum-bonn.de%2finformation%2faktuell%2f/RK=0/RS=kzj8SlEhujPg5vaWJ4Lny3963W8-
http://www.brighton-hove
http://www.brighton-hove
https://outlook.manchester.ac.uk/owa/redir.aspx?C=z11GJ7xhR0SYeQ3SsLLiLgG2RrYvC9EILVkSNWhIcR55U1NADPfEYFTSM4HcslbpXCvRoSRtBWw.&URL=http%3a%2f%2fwww.bristol.gov.uk%2fmuseums
https://outlook.manchester.ac.uk/owa/redir.aspx?C=z11GJ7xhR0SYeQ3SsLLiLgG2RrYvC9EILVkSNWhIcR55U1NADPfEYFTSM4HcslbpXCvRoSRtBWw.&URL=http%3a%2f%2fwww.bristol.gov.uk%2fmuseums


249

Melbourne, Melbourne Museum - museumvictoria.com.
au/melbournemuseum

Middlesborough, Dorman museum - www.
dormanmuseum.co.uk 

Minnesota, Minnesota Association of Museums - www.
minnesotamuseums.org/museums

Munich, New Egyptian museum - http://www.
aegyptisches-museum-muenchen.de.

Newcastle, Great North Museum Hancock - www.
newcastle.gov.uk/.../museums-and-galleries 

Newport, Newport Museum and art Gallery- museum@
newport.gov.uk

New York, Metropolital Museum of Art - www.
metmuseum.org 

Northampton, Northampton Museum and art Gallery - 
www.northampton.gov.uk/museums

Norwich, Norwich Castle museum and art Gallery - www.
museums.norfolk.gov.uk

Nottingham, Nottingham Castle museum and Art Gallery 
- www.nottinghammuseums.org.uk

Oldham, Gallery Oldham - www.galleryoldham.org.uk

Oxford, Asmolean Museum - www.ashmolean.org 

   Pitt Rivers Museum - l prm@prm.ox.ac.uk

Perth (Australia), Western Australian Museum - museum.
wa.gov.au

Perth, Scotland Perth Museum and Art Gsallery - www.
museumsgalleriesscotland.org.uk/member/perth-museum

Peterborough, Peterborough Muaeum - museum@
vivacity-peterborough.com

Philadelphia, Philadelphia Museum of Art - www.
philamuseum.org

Plymouth, Plymouth Museum and Art Gallery - www.
plymouth.gov.uk/museums

Portsmouth, Portsmouth Museums - www.
portsmouthcitymuseums.co.uk

Preston, Museum of Lancashire - www.lancashire.gov.uk/
museums

Reading, Reading Museum - www.readingmuseum.org.uk 

Rochdale, (see Bury)

Salisbury, Salisbury and South Wiltshire Museum - www.
salisburymuseum.org.uk

Scarborough, Scarborough Museums Trust - www.
scarboroughmuseumstrust.org.uk

Sheffield, Museums Sheffield - www.museums-sheffield.
org.uk

Southampton, Southanpton Museums - www.
hampshireattractions.co.uk/.../southampton-museums

St. Albans, Museum of St. Albans - www.stalbansmuseums.
org.uk

Stirling, Sterling Smith Museum and Art Gallery - www.
stirlingdirectory.info/category/museums.html 

Sunderland, Sunderland museum - www.twmuseums.org.
uk/sunderland

Swansea, Swansea Museum - www.swanseamuseum.co.uk

     Museum of Egyptian Antiquities - egyptcentre@
swansea.ac.uk

Sydney, Nicholson Museum - sydney.edu.au/museums/
collections/nicholson.shtml

Truro, Royal Cornwall Museum - www.
royalcornwallmuseum.org.uk 

Turin, Museo Egizio - www.museoegizio.it/pages/hp_
en.jsp

Vancouver, Museum of Vancouver - www.
museumofvancouver.ca

Vienna, Wien Museum - www.wienmuseum.at

Walsall, Walsall Museum - cms.walsall.gov.uk/museums 

Washington, Washington DC Museums - www.world-
guides.com/.../washington/washington_museums.html  

Warrington, Warrington Museum and Art Gallery - www.
warringtonmuseum.co.uk 

Winchester, City Museum - www.winchester.gov.uk/
museums 

York - York Castle museum - www.yorkcastlemuseum.
org.uk

Zurich – IEM, University of Zurich - www.anatom.uzh.ch/
research/researchgroupruhli

http://www.dormanmuseum.co.uk/
http://www.dormanmuseum.co.uk/
http://www.aegyptisches-museum-muenchen.de./
http://www.aegyptisches-museum-muenchen.de./
mailto:prm@prm.ox.ac.uk
mailto:museum@vivacity-peterborough.com
mailto:museum@vivacity-peterborough.com
http://www.swanseamuseum.co.uk
mailto:egyptcentre@swansea.ac.uk
mailto:egyptcentre@swansea.ac.uk


250



251


	Cover
	Title Page
	Copyright Page
	List of Figures
	List of Tables

	Button 3: 
	Page 5: Off
	Page 71: Off
	Page 92: Off
	Page 113: Off
	Page 134: Off
	Page 155: Off
	Page 176: Off
	Page 197: Off
	Page 218: Off
	Page 239: Off
	Page 2510: Off
	Page 3311: Off
	Page 4912: Off
	Page 5713: Off
	Page 21314: Off
	Page 22115: Off
	Page 24916: Off
	Page 26317: Off
	Page 26918: Off
	Page 27519: Off

	Previous Page 13: 
	Page 5: Off
	Page 71: Off
	Page 92: Off
	Page 113: Off
	Page 134: Off
	Page 155: Off
	Page 176: Off
	Page 197: Off
	Page 218: Off
	Page 239: Off
	Page 2510: Off
	Page 3311: Off
	Page 4912: Off
	Page 5713: Off
	Page 21314: Off
	Page 22115: Off
	Page 24916: Off
	Page 26317: Off
	Page 26918: Off
	Page 27519: Off

	TOC 13: 
	Page 5: Off
	Page 71: Off
	Page 92: Off
	Page 113: Off
	Page 134: Off
	Page 155: Off
	Page 176: Off
	Page 197: Off
	Page 218: Off
	Page 239: Off
	Page 2510: Off
	Page 3311: Off
	Page 4912: Off
	Page 5713: Off
	Page 21314: Off
	Page 22115: Off
	Page 24916: Off
	Page 26317: Off
	Page 26918: Off
	Page 27519: Off

	go back 10: 
	Page 5: Off
	Page 71: Off
	Page 92: Off
	Page 113: Off
	Page 134: Off
	Page 155: Off
	Page 176: Off
	Page 197: Off
	Page 218: Off
	Page 239: Off
	Page 2510: Off
	Page 3311: Off
	Page 4912: Off
	Page 5713: Off
	Page 21314: Off
	Page 22115: Off
	Page 24916: Off
	Page 26317: Off
	Page 26918: Off
	Page 27519: Off

	Button 2: 
	Page 6: Off
	Page 81: Off
	Page 102: Off
	Page 123: Off
	Page 144: Off
	Page 165: Off
	Page 186: Off
	Page 207: Off
	Page 228: Off
	Page 249: Off
	Page 10810: Off
	Page 20811: Off
	Page 27212: Off
	Page 27413: Off

	Previous Page 12: 
	Page 6: Off
	Page 81: Off
	Page 102: Off
	Page 123: Off
	Page 144: Off
	Page 165: Off
	Page 186: Off
	Page 207: Off
	Page 228: Off
	Page 249: Off
	Page 10810: Off
	Page 20811: Off
	Page 27212: Off
	Page 27413: Off

	TOC 12: 
	Page 6: Off
	Page 81: Off
	Page 102: Off
	Page 123: Off
	Page 144: Off
	Page 165: Off
	Page 186: Off
	Page 207: Off
	Page 228: Off
	Page 249: Off
	Page 10810: Off
	Page 20811: Off
	Page 27212: Off
	Page 27413: Off

	go back 9: 
	Page 6: Off
	Page 81: Off
	Page 102: Off
	Page 123: Off
	Page 144: Off
	Page 165: Off
	Page 186: Off
	Page 207: Off
	Page 228: Off
	Page 249: Off
	Page 10810: Off
	Page 20811: Off
	Page 27212: Off
	Page 27413: Off

	Button 4: 
	Page 26: Off
	Page 281: Off
	Page 302: Off
	Page 323: Off

	Previous Page 14: 
	Page 26: Off
	Page 281: Off
	Page 302: Off
	Page 323: Off

	TOC 14: 
	Page 26: Off
	Page 281: Off
	Page 302: Off
	Page 323: Off

	go back 11: 
	Page 26: Off
	Page 281: Off
	Page 302: Off
	Page 323: Off

	Button 5: 
	Page 27: Off
	Page 291: Off
	Page 312: Off

	Previous Page 15: 
	Page 27: Off
	Page 291: Off
	Page 312: Off

	TOC 15: 
	Page 27: Off
	Page 291: Off
	Page 312: Off

	go back 12: 
	Page 27: Off
	Page 291: Off
	Page 312: Off

	Button 6: 
	Page 34: Off
	Page 361: Off
	Page 382: Off
	Page 403: Off
	Page 424: Off
	Page 445: Off
	Page 466: Off
	Page 487: Off

	Previous Page 16: 
	Page 34: Off
	Page 361: Off
	Page 382: Off
	Page 403: Off
	Page 424: Off
	Page 445: Off
	Page 466: Off
	Page 487: Off

	TOC 16: 
	Page 34: Off
	Page 361: Off
	Page 382: Off
	Page 403: Off
	Page 424: Off
	Page 445: Off
	Page 466: Off
	Page 487: Off

	go back 13: 
	Page 34: Off
	Page 361: Off
	Page 382: Off
	Page 403: Off
	Page 424: Off
	Page 445: Off
	Page 466: Off
	Page 487: Off

	Button 7: 
	Page 35: Off
	Page 371: Off
	Page 392: Off
	Page 413: Off
	Page 434: Off
	Page 455: Off
	Page 476: Off

	Previous Page 17: 
	Page 35: Off
	Page 371: Off
	Page 392: Off
	Page 413: Off
	Page 434: Off
	Page 455: Off
	Page 476: Off

	TOC 17: 
	Page 35: Off
	Page 371: Off
	Page 392: Off
	Page 413: Off
	Page 434: Off
	Page 455: Off
	Page 476: Off

	go back 14: 
	Page 35: Off
	Page 371: Off
	Page 392: Off
	Page 413: Off
	Page 434: Off
	Page 455: Off
	Page 476: Off

	Button 8: 
	Page 50: Off
	Page 521: Off
	Page 542: Off
	Page 563: Off

	Previous Page 18: 
	Page 50: Off
	Page 521: Off
	Page 542: Off
	Page 563: Off

	TOC 18: 
	Page 50: Off
	Page 521: Off
	Page 542: Off
	Page 563: Off

	go back 15: 
	Page 50: Off
	Page 521: Off
	Page 542: Off
	Page 563: Off

	Button 9: 
	Page 51: Off
	Page 531: Off
	Page 552: Off

	Previous Page 19: 
	Page 51: Off
	Page 531: Off
	Page 552: Off

	TOC 19: 
	Page 51: Off
	Page 531: Off
	Page 552: Off

	go back 16: 
	Page 51: Off
	Page 531: Off
	Page 552: Off

	Button 10: 
	Page 58: Off
	Page 601: Off
	Page 622: Off
	Page 643: Off
	Page 664: Off
	Page 685: Off
	Page 706: Off
	Page 727: Off
	Page 748: Off
	Page 769: Off
	Page 7810: Off
	Page 8011: Off
	Page 8212: Off
	Page 8413: Off
	Page 8614: Off
	Page 8815: Off
	Page 9016: Off
	Page 9217: Off
	Page 9418: Off
	Page 9619: Off
	Page 9820: Off
	Page 10021: Off
	Page 10222: Off
	Page 10423: Off
	Page 10624: Off

	Previous Page 20: 
	Page 58: Off
	Page 601: Off
	Page 622: Off
	Page 643: Off
	Page 664: Off
	Page 685: Off
	Page 706: Off
	Page 727: Off
	Page 748: Off
	Page 769: Off
	Page 7810: Off
	Page 8011: Off
	Page 8212: Off
	Page 8413: Off
	Page 8614: Off
	Page 8815: Off
	Page 9016: Off
	Page 9217: Off
	Page 9418: Off
	Page 9619: Off
	Page 9820: Off
	Page 10021: Off
	Page 10222: Off
	Page 10423: Off
	Page 10624: Off

	TOC 20: 
	Page 58: Off
	Page 601: Off
	Page 622: Off
	Page 643: Off
	Page 664: Off
	Page 685: Off
	Page 706: Off
	Page 727: Off
	Page 748: Off
	Page 769: Off
	Page 7810: Off
	Page 8011: Off
	Page 8212: Off
	Page 8413: Off
	Page 8614: Off
	Page 8815: Off
	Page 9016: Off
	Page 9217: Off
	Page 9418: Off
	Page 9619: Off
	Page 9820: Off
	Page 10021: Off
	Page 10222: Off
	Page 10423: Off
	Page 10624: Off

	go back 17: 
	Page 58: Off
	Page 601: Off
	Page 622: Off
	Page 643: Off
	Page 664: Off
	Page 685: Off
	Page 706: Off
	Page 727: Off
	Page 748: Off
	Page 769: Off
	Page 7810: Off
	Page 8011: Off
	Page 8212: Off
	Page 8413: Off
	Page 8614: Off
	Page 8815: Off
	Page 9016: Off
	Page 9217: Off
	Page 9418: Off
	Page 9619: Off
	Page 9820: Off
	Page 10021: Off
	Page 10222: Off
	Page 10423: Off
	Page 10624: Off

	Button 11: 
	Page 59: Off
	Page 611: Off
	Page 632: Off
	Page 653: Off
	Page 674: Off
	Page 695: Off
	Page 716: Off
	Page 737: Off
	Page 758: Off
	Page 779: Off
	Page 7910: Off
	Page 8111: Off
	Page 8312: Off
	Page 8513: Off
	Page 8714: Off
	Page 8915: Off
	Page 9116: Off
	Page 9317: Off
	Page 9518: Off
	Page 9719: Off
	Page 9920: Off
	Page 10121: Off
	Page 10322: Off
	Page 10523: Off
	Page 10724: Off

	Previous Page 21: 
	Page 59: Off
	Page 611: Off
	Page 632: Off
	Page 653: Off
	Page 674: Off
	Page 695: Off
	Page 716: Off
	Page 737: Off
	Page 758: Off
	Page 779: Off
	Page 7910: Off
	Page 8111: Off
	Page 8312: Off
	Page 8513: Off
	Page 8714: Off
	Page 8915: Off
	Page 9116: Off
	Page 9317: Off
	Page 9518: Off
	Page 9719: Off
	Page 9920: Off
	Page 10121: Off
	Page 10322: Off
	Page 10523: Off
	Page 10724: Off

	TOC 21: 
	Page 59: Off
	Page 611: Off
	Page 632: Off
	Page 653: Off
	Page 674: Off
	Page 695: Off
	Page 716: Off
	Page 737: Off
	Page 758: Off
	Page 779: Off
	Page 7910: Off
	Page 8111: Off
	Page 8312: Off
	Page 8513: Off
	Page 8714: Off
	Page 8915: Off
	Page 9116: Off
	Page 9317: Off
	Page 9518: Off
	Page 9719: Off
	Page 9920: Off
	Page 10121: Off
	Page 10322: Off
	Page 10523: Off
	Page 10724: Off

	go back 18: 
	Page 59: Off
	Page 611: Off
	Page 632: Off
	Page 653: Off
	Page 674: Off
	Page 695: Off
	Page 716: Off
	Page 737: Off
	Page 758: Off
	Page 779: Off
	Page 7910: Off
	Page 8111: Off
	Page 8312: Off
	Page 8513: Off
	Page 8714: Off
	Page 8915: Off
	Page 9116: Off
	Page 9317: Off
	Page 9518: Off
	Page 9719: Off
	Page 9920: Off
	Page 10121: Off
	Page 10322: Off
	Page 10523: Off
	Page 10724: Off

	Button 13: 
	Page 109: Off
	Page 1111: Off
	Page 1132: Off
	Page 1153: Off
	Page 1174: Off
	Page 1195: Off
	Page 1216: Off
	Page 1237: Off
	Page 1258: Off
	Page 1279: Off
	Page 12910: Off
	Page 13111: Off
	Page 13312: Off
	Page 13513: Off
	Page 13714: Off
	Page 13915: Off
	Page 14116: Off
	Page 14317: Off
	Page 14518: Off
	Page 14719: Off
	Page 14920: Off
	Page 15121: Off
	Page 15322: Off
	Page 15523: Off
	Page 15724: Off
	Page 15925: Off
	Page 16126: Off
	Page 16327: Off
	Page 16528: Off
	Page 16729: Off
	Page 16930: Off
	Page 17131: Off
	Page 17332: Off
	Page 17533: Off
	Page 17734: Off
	Page 17935: Off
	Page 18136: Off
	Page 18337: Off
	Page 18538: Off
	Page 18739: Off
	Page 18940: Off
	Page 19141: Off
	Page 19342: Off
	Page 19543: Off
	Page 19744: Off
	Page 19945: Off
	Page 20146: Off
	Page 20347: Off
	Page 20548: Off
	Page 20749: Off

	Previous Page 23: 
	Page 109: Off
	Page 1111: Off
	Page 1132: Off
	Page 1153: Off
	Page 1174: Off
	Page 1195: Off
	Page 1216: Off
	Page 1237: Off
	Page 1258: Off
	Page 1279: Off
	Page 12910: Off
	Page 13111: Off
	Page 13312: Off
	Page 13513: Off
	Page 13714: Off
	Page 13915: Off
	Page 14116: Off
	Page 14317: Off
	Page 14518: Off
	Page 14719: Off
	Page 14920: Off
	Page 15121: Off
	Page 15322: Off
	Page 15523: Off
	Page 15724: Off
	Page 15925: Off
	Page 16126: Off
	Page 16327: Off
	Page 16528: Off
	Page 16729: Off
	Page 16930: Off
	Page 17131: Off
	Page 17332: Off
	Page 17533: Off
	Page 17734: Off
	Page 17935: Off
	Page 18136: Off
	Page 18337: Off
	Page 18538: Off
	Page 18739: Off
	Page 18940: Off
	Page 19141: Off
	Page 19342: Off
	Page 19543: Off
	Page 19744: Off
	Page 19945: Off
	Page 20146: Off
	Page 20347: Off
	Page 20548: Off
	Page 20749: Off

	TOC 23: 
	Page 109: Off
	Page 1111: Off
	Page 1132: Off
	Page 1153: Off
	Page 1174: Off
	Page 1195: Off
	Page 1216: Off
	Page 1237: Off
	Page 1258: Off
	Page 1279: Off
	Page 12910: Off
	Page 13111: Off
	Page 13312: Off
	Page 13513: Off
	Page 13714: Off
	Page 13915: Off
	Page 14116: Off
	Page 14317: Off
	Page 14518: Off
	Page 14719: Off
	Page 14920: Off
	Page 15121: Off
	Page 15322: Off
	Page 15523: Off
	Page 15724: Off
	Page 15925: Off
	Page 16126: Off
	Page 16327: Off
	Page 16528: Off
	Page 16729: Off
	Page 16930: Off
	Page 17131: Off
	Page 17332: Off
	Page 17533: Off
	Page 17734: Off
	Page 17935: Off
	Page 18136: Off
	Page 18337: Off
	Page 18538: Off
	Page 18739: Off
	Page 18940: Off
	Page 19141: Off
	Page 19342: Off
	Page 19543: Off
	Page 19744: Off
	Page 19945: Off
	Page 20146: Off
	Page 20347: Off
	Page 20548: Off
	Page 20749: Off

	go back 20: 
	Page 109: Off
	Page 1111: Off
	Page 1132: Off
	Page 1153: Off
	Page 1174: Off
	Page 1195: Off
	Page 1216: Off
	Page 1237: Off
	Page 1258: Off
	Page 1279: Off
	Page 12910: Off
	Page 13111: Off
	Page 13312: Off
	Page 13513: Off
	Page 13714: Off
	Page 13915: Off
	Page 14116: Off
	Page 14317: Off
	Page 14518: Off
	Page 14719: Off
	Page 14920: Off
	Page 15121: Off
	Page 15322: Off
	Page 15523: Off
	Page 15724: Off
	Page 15925: Off
	Page 16126: Off
	Page 16327: Off
	Page 16528: Off
	Page 16729: Off
	Page 16930: Off
	Page 17131: Off
	Page 17332: Off
	Page 17533: Off
	Page 17734: Off
	Page 17935: Off
	Page 18136: Off
	Page 18337: Off
	Page 18538: Off
	Page 18739: Off
	Page 18940: Off
	Page 19141: Off
	Page 19342: Off
	Page 19543: Off
	Page 19744: Off
	Page 19945: Off
	Page 20146: Off
	Page 20347: Off
	Page 20548: Off
	Page 20749: Off

	Button 12: 
	Page 110: Off
	Page 1121: Off
	Page 1142: Off
	Page 1163: Off
	Page 1184: Off
	Page 1205: Off
	Page 1226: Off
	Page 1247: Off
	Page 1268: Off
	Page 1289: Off
	Page 13010: Off
	Page 13211: Off
	Page 13412: Off
	Page 13613: Off
	Page 13814: Off
	Page 14015: Off
	Page 14216: Off
	Page 14417: Off
	Page 14618: Off
	Page 14819: Off
	Page 15020: Off
	Page 15221: Off
	Page 15422: Off
	Page 15623: Off
	Page 15824: Off
	Page 16025: Off
	Page 16226: Off
	Page 16427: Off
	Page 16628: Off
	Page 16829: Off
	Page 17030: Off
	Page 17231: Off
	Page 17432: Off
	Page 17633: Off
	Page 17834: Off
	Page 18035: Off
	Page 18236: Off
	Page 18437: Off
	Page 18638: Off
	Page 18839: Off
	Page 19040: Off
	Page 19241: Off
	Page 19442: Off
	Page 19643: Off
	Page 19844: Off
	Page 20045: Off
	Page 20246: Off
	Page 20447: Off
	Page 20648: Off

	Previous Page 22: 
	Page 110: Off
	Page 1121: Off
	Page 1142: Off
	Page 1163: Off
	Page 1184: Off
	Page 1205: Off
	Page 1226: Off
	Page 1247: Off
	Page 1268: Off
	Page 1289: Off
	Page 13010: Off
	Page 13211: Off
	Page 13412: Off
	Page 13613: Off
	Page 13814: Off
	Page 14015: Off
	Page 14216: Off
	Page 14417: Off
	Page 14618: Off
	Page 14819: Off
	Page 15020: Off
	Page 15221: Off
	Page 15422: Off
	Page 15623: Off
	Page 15824: Off
	Page 16025: Off
	Page 16226: Off
	Page 16427: Off
	Page 16628: Off
	Page 16829: Off
	Page 17030: Off
	Page 17231: Off
	Page 17432: Off
	Page 17633: Off
	Page 17834: Off
	Page 18035: Off
	Page 18236: Off
	Page 18437: Off
	Page 18638: Off
	Page 18839: Off
	Page 19040: Off
	Page 19241: Off
	Page 19442: Off
	Page 19643: Off
	Page 19844: Off
	Page 20045: Off
	Page 20246: Off
	Page 20447: Off
	Page 20648: Off

	TOC 22: 
	Page 110: Off
	Page 1121: Off
	Page 1142: Off
	Page 1163: Off
	Page 1184: Off
	Page 1205: Off
	Page 1226: Off
	Page 1247: Off
	Page 1268: Off
	Page 1289: Off
	Page 13010: Off
	Page 13211: Off
	Page 13412: Off
	Page 13613: Off
	Page 13814: Off
	Page 14015: Off
	Page 14216: Off
	Page 14417: Off
	Page 14618: Off
	Page 14819: Off
	Page 15020: Off
	Page 15221: Off
	Page 15422: Off
	Page 15623: Off
	Page 15824: Off
	Page 16025: Off
	Page 16226: Off
	Page 16427: Off
	Page 16628: Off
	Page 16829: Off
	Page 17030: Off
	Page 17231: Off
	Page 17432: Off
	Page 17633: Off
	Page 17834: Off
	Page 18035: Off
	Page 18236: Off
	Page 18437: Off
	Page 18638: Off
	Page 18839: Off
	Page 19040: Off
	Page 19241: Off
	Page 19442: Off
	Page 19643: Off
	Page 19844: Off
	Page 20045: Off
	Page 20246: Off
	Page 20447: Off
	Page 20648: Off

	go back 19: 
	Page 110: Off
	Page 1121: Off
	Page 1142: Off
	Page 1163: Off
	Page 1184: Off
	Page 1205: Off
	Page 1226: Off
	Page 1247: Off
	Page 1268: Off
	Page 1289: Off
	Page 13010: Off
	Page 13211: Off
	Page 13412: Off
	Page 13613: Off
	Page 13814: Off
	Page 14015: Off
	Page 14216: Off
	Page 14417: Off
	Page 14618: Off
	Page 14819: Off
	Page 15020: Off
	Page 15221: Off
	Page 15422: Off
	Page 15623: Off
	Page 15824: Off
	Page 16025: Off
	Page 16226: Off
	Page 16427: Off
	Page 16628: Off
	Page 16829: Off
	Page 17030: Off
	Page 17231: Off
	Page 17432: Off
	Page 17633: Off
	Page 17834: Off
	Page 18035: Off
	Page 18236: Off
	Page 18437: Off
	Page 18638: Off
	Page 18839: Off
	Page 19040: Off
	Page 19241: Off
	Page 19442: Off
	Page 19643: Off
	Page 19844: Off
	Page 20045: Off
	Page 20246: Off
	Page 20447: Off
	Page 20648: Off

	Button 15: 
	Page 209: Off
	Page 2111: Off

	Previous Page 25: 
	Page 209: Off
	Page 2111: Off

	TOC 25: 
	Page 209: Off
	Page 2111: Off

	go back 22: 
	Page 209: Off
	Page 2111: Off

	Button 14: 
	Page 210: Off
	Page 2121: Off

	Previous Page 24: 
	Page 210: Off
	Page 2121: Off

	TOC 24: 
	Page 210: Off
	Page 2121: Off

	go back 21: 
	Page 210: Off
	Page 2121: Off

	Button 16: 
	Page 214: Off
	Page 2161: Off
	Page 2182: Off
	Page 2203: Off

	Previous Page 26: 
	Page 214: Off
	Page 2161: Off
	Page 2182: Off
	Page 2203: Off

	TOC 26: 
	Page 214: Off
	Page 2161: Off
	Page 2182: Off
	Page 2203: Off

	go back 23: 
	Page 214: Off
	Page 2161: Off
	Page 2182: Off
	Page 2203: Off

	Button 17: 
	Page 215: Off
	Page 2171: Off
	Page 2192: Off

	Previous Page 27: 
	Page 215: Off
	Page 2171: Off
	Page 2192: Off

	TOC 27: 
	Page 215: Off
	Page 2171: Off
	Page 2192: Off

	go back 24: 
	Page 215: Off
	Page 2171: Off
	Page 2192: Off

	Button 18: 
	Page 222: Off
	Page 2241: Off
	Page 2262: Off
	Page 2283: Off
	Page 2304: Off
	Page 2325: Off
	Page 2346: Off
	Page 2367: Off
	Page 2388: Off
	Page 2409: Off
	Page 24210: Off
	Page 24411: Off
	Page 24612: Off
	Page 24813: Off

	Previous Page 28: 
	Page 222: Off
	Page 2241: Off
	Page 2262: Off
	Page 2283: Off
	Page 2304: Off
	Page 2325: Off
	Page 2346: Off
	Page 2367: Off
	Page 2388: Off
	Page 2409: Off
	Page 24210: Off
	Page 24411: Off
	Page 24612: Off
	Page 24813: Off

	TOC 28: 
	Page 222: Off
	Page 2241: Off
	Page 2262: Off
	Page 2283: Off
	Page 2304: Off
	Page 2325: Off
	Page 2346: Off
	Page 2367: Off
	Page 2388: Off
	Page 2409: Off
	Page 24210: Off
	Page 24411: Off
	Page 24612: Off
	Page 24813: Off

	go back 25: 
	Page 222: Off
	Page 2241: Off
	Page 2262: Off
	Page 2283: Off
	Page 2304: Off
	Page 2325: Off
	Page 2346: Off
	Page 2367: Off
	Page 2388: Off
	Page 2409: Off
	Page 24210: Off
	Page 24411: Off
	Page 24612: Off
	Page 24813: Off

	Button 19: 
	Page 223: Off
	Page 2251: Off
	Page 2272: Off
	Page 2293: Off
	Page 2314: Off
	Page 2335: Off
	Page 2356: Off
	Page 2377: Off
	Page 2398: Off
	Page 2419: Off
	Page 24310: Off
	Page 24511: Off
	Page 24712: Off

	Previous Page 29: 
	Page 223: Off
	Page 2251: Off
	Page 2272: Off
	Page 2293: Off
	Page 2314: Off
	Page 2335: Off
	Page 2356: Off
	Page 2377: Off
	Page 2398: Off
	Page 2419: Off
	Page 24310: Off
	Page 24511: Off
	Page 24712: Off

	TOC 29: 
	Page 223: Off
	Page 2251: Off
	Page 2272: Off
	Page 2293: Off
	Page 2314: Off
	Page 2335: Off
	Page 2356: Off
	Page 2377: Off
	Page 2398: Off
	Page 2419: Off
	Page 24310: Off
	Page 24511: Off
	Page 24712: Off

	go back 26: 
	Page 223: Off
	Page 2251: Off
	Page 2272: Off
	Page 2293: Off
	Page 2314: Off
	Page 2335: Off
	Page 2356: Off
	Page 2377: Off
	Page 2398: Off
	Page 2419: Off
	Page 24310: Off
	Page 24511: Off
	Page 24712: Off

	Button 20: 
	Page 250: Off
	Page 2521: Off
	Page 2542: Off
	Page 2563: Off
	Page 2584: Off
	Page 2605: Off
	Page 2626: Off

	Previous Page 30: 
	Page 250: Off
	Page 2521: Off
	Page 2542: Off
	Page 2563: Off
	Page 2584: Off
	Page 2605: Off
	Page 2626: Off

	TOC 30: 
	Page 250: Off
	Page 2521: Off
	Page 2542: Off
	Page 2563: Off
	Page 2584: Off
	Page 2605: Off
	Page 2626: Off

	go back 27: 
	Page 250: Off
	Page 2521: Off
	Page 2542: Off
	Page 2563: Off
	Page 2584: Off
	Page 2605: Off
	Page 2626: Off

	Button 21: 
	Page 251: Off
	Page 2531: Off
	Page 2552: Off
	Page 2573: Off
	Page 2594: Off
	Page 2615: Off

	Previous Page 31: 
	Page 251: Off
	Page 2531: Off
	Page 2552: Off
	Page 2573: Off
	Page 2594: Off
	Page 2615: Off

	TOC 31: 
	Page 251: Off
	Page 2531: Off
	Page 2552: Off
	Page 2573: Off
	Page 2594: Off
	Page 2615: Off

	go back 28: 
	Page 251: Off
	Page 2531: Off
	Page 2552: Off
	Page 2573: Off
	Page 2594: Off
	Page 2615: Off

	Button 22: 
	Page 264: Off
	Page 2661: Off
	Page 2682: Off

	Previous Page 32: 
	Page 264: Off
	Page 2661: Off
	Page 2682: Off

	TOC 32: 
	Page 264: Off
	Page 2661: Off
	Page 2682: Off

	go back 29: 
	Page 264: Off
	Page 2661: Off
	Page 2682: Off

	Button 23: 
	Page 265: Off
	Page 2671: Off

	Previous Page 33: 
	Page 265: Off
	Page 2671: Off

	TOC 33: 
	Page 265: Off
	Page 2671: Off

	go back 30: 
	Page 265: Off
	Page 2671: Off

	Button 24: 
	Page 270: Off

	Previous Page 34: 
	Page 270: Off

	TOC 34: 
	Page 270: Off

	go back 31: 
	Page 270: Off

	Button 25: 
	Page 271: Off

	Previous Page 35: 
	Page 271: Off

	TOC 35: 
	Page 271: Off

	go back 32: 
	Page 271: Off

	Button 27: 
	Page 273: Off

	Previous Page 37: 
	Page 273: Off

	TOC 37: 
	Page 273: Off

	go back 34: 
	Page 273: Off



