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INTRODUCTION
The Singapore Health Services (SingHealth) radiology film 
archives comprise radiography case records dating back to 
the 1950s. The archives are located within Singapore General 
Hospital (SGH) and comprise cases of historical medical interest 
as well as of historical social interest. The archives form a 
unique portal into the development of local radiology as well 
as the national development of Singapore. A selection from the 
archives is published here in commemoration of the International 
Day of Radiology in 2020, as well as the 200th anniversary of 
the Singapore General Hospital in 2021. This pictorial essay 
comprises gastroenterology, musculoskeletal and obstetrics 
and gynaecology cases from the archives. Part 1, which was 
published earlier, comprised cardiovascular, respiratory and 
neurological cases.(1)

LEAD POISONING 
Fig. 1 is a radiograph of the knees of a child with altered mental 
state. It demonstrates the presence of dense metaphyseal bands, 
raising the concern of lead poisoning. This appearance arises 
because lead inhibits osteoclastic activity and enables unopposed 
osteoblastic activity, creating thick sclerotic bands. In the past, 
lead was frequently added to paint as a pigment and to increase 
its durability; paint with added lead was frequently used for 

painting houses and children toys. However, it was discovered 
that lead ingestion was associated with cognitive impairment 
and behavioural problems, and its use in paint was banned 
since 1978. Today, the use of lead persists in the manufacturing 
of various products such as solder, batteries and plastics. This 
film was donated by Dr Richard Gold from the University of 
California in San Francisco, California, United States (USA). 
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Fig. 1 Bilateral knee radiograph of a child with altered mental state shows 
the presence of dense metaphyseal bands, raising the concern of lead 
poisoning.
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Although the origins of this film are unclear, it may be part of 
an academic collaboration that was initiated by Dr Boey Hong 
Khim, a well-known local radiologist in 1992, between Singapore 
and the Hospital of the University of Pennsylvania, the University 
of Utah, Stanford University and the Institute of Neurology in 
Phoenix, Arizona, USA.

RUBELLA 
Fig. 2 is a bilateral knee radiograph of a neonate showing 
longitudinally oriented sclerotic striations. These extend from 
the metaphysis of both distal femurs and proximal tibias, and 
are more prominent in the femora, giving rise to a ‘celery stalk’ 
appearance. An incidental note is also made of the normal 
physiologic bowing of the bilateral lower limbs. Differential 
diagnoses include congenital infections such as rubella, syphilis 
and cytomegalovirus, as well as osteopathia striata. In this case, 
the diagnosis was rubella. Singapore had a rubella epidemic in 
1969, then periodic outbreaks in the 1970s. Rubella vaccination 
was first introduced in Singapore in 1976. Currently, with the 
catch-up measles vaccination programme, the number of rubella 
cases has gradually declined from 10.9 cases per 100,000 
population in 1999 to 3.6 per 100,000 population in 2009. The 
incidence of congenital rubella has been about 0–2 cases per 
year since 1995.(2) 

SYPHILIS 
A young man presented with right calf pain. Plain radiograph of 
the right tibia-fibula (Fig. 3) reveals anterior bowing of the right 
tibia at its mid diaphysis with associated cortical thickening, 
classically known as the ‘sabre shin’ deformity. This deformity is 
often found as a late manifestation of congenital syphilis, which 
was the case for this patient. A differential diagnosis for this 
appearance is Paget’s disease. This develops as a sequelae of 
chronic periostitis and osteitis involving the tibia and is frequently 
bilateral. The recorded incidence of syphilis rose in post-war 
Singapore, partly from population and socioeconomic growth,(3) 
but has seen many improvements in control over the years due to 
appropriate antibiotic therapy as well as efforts at contact tracing 
and health education. Cases of congenital syphilis are rare today, 
as routine venereal disease testing performed for mothers in the 
first trimester allows for early intervention.

SCURVY
A young child presented with non-specific joint pain. A radiograph 
of the lower limbs donated by the University of Kentucky to the 
SingHealth archives (Fig. 4) demonstrates typical radiological 
findings of hypovitaminosis C, commonly known as scurvy. A 
deficit in Vitamin C results in defective collagen synthesis and 
commonly presents with impaired wound healing and bleeding 
diathesis. With the subsequent improvements in nutrition in 
developed countries, this disease has become rare. Typical 
radiological findings of scurvy(4) include generalised osteopenia, 
a dense zone of provisional calcification at the metaphysis (line of 
Frankel; arrow), metaphyseal spurs (Pelkan spur; arrowhead) and 
a lucent band adjacent to the line of Frankel (Trummerfeld zone 

of lucency; faintly seen near the line of Frankel). Small epiphyses 
with sharply sclerotic margins are also present (Wimberger ring 
sign; asterisk). Areas of subperiosteal swelling may be present due 
to subperiosteal haemorrhage and infarction (not seen).

MACRORADIOGRAPHY 
A middle-aged woman presented with pain in the left hand. 
In Fig. 5, follow-up radiography using the macroradiography 
technique reveals the normal appearance of bony structures 
without evidence of fracture, bony erosion or periosteal reaction. 
As opposed to optical enlargement, macroradiography alters 
geometric factors during radiograph acquisition to increase 
the magnification of an image.(5) This enhances visualisation of 
detail within the area of concern. Improved resolution of the 
cortical margins and bony trabeculae allows for better detection 
of fractures or osteolysis as well as more accurate assessment 

Fig. 2 Bilateral knee radiograph of a neonate with rubella shows 
longitudinally oriented sclerotic striations extending from the metaphysis 
of both distal femurs and proximal tibias, giving rise to a ‘celery stalk’ 
appearance.

Fig. 3 Plain radiograph of the right tibia-fibula shows anterior bowing of the 
right tibia at its mid diaphysis with associated cortical thickening, classically 
known as the ‘sabre shin’ deformity, often found as a late manifestation 
of congenital syphilis.
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Fig. 4 Radiograph of the lower limbs donated by the University of Kentucky 
shows typical radiological findings of hypovitaminosis C, commonly known 
as scurvy, including the line of Frankel (arrow), also known as the ‘white 
line of Frankel’, Pelkan spur (arrowhead) and the Trummerfeld zone of 
lucency (faintly seen lucent band adjacent and directly cranial to the line 
of Frankel). The Wimberger ring sign is present (asterisk).

Fig. 5 Follow-up radiograph using macroradiography shows the normal 
appearance of bony structures without evidence of fracture, bony erosion 
or periosteal reaction.

of silicosis in the chest. Evaluation of several niche regions 
including the carpus, petrous bones and orbits has also been 
described in the literature. In current practice, macroradiography 
has largely been replaced by digital radiography (allowing 
for digital image manipulation); computed tomography (CT), 
including dual-energy systems; and magnetic resonance (MR) 
imaging. 

BOUND FEET 
A 70-year-old Chinese woman presented with bilateral foot 
pain. Radiographs of her feet (Fig. 6) show marked deformity 
with significant pes cavus, exaggeration of the arches, a vertical 
orientation of the calcanei, and foreshortening of the feet. This 
appearance is typical of foot binding as a child. Originating in 
China between the Song and Tang dynasties (907–960) among 
those of higher socioeconomic status, the feet of girls aged 
2–9 years were broken and bound with bandages to keep them 
small at 3–4 inches in size. Bound feet were seen as a symbol of 
status and beauty, and this procedure was performed even until 

the later part of the 19th century. In Singapore and Malaya, the 
practice was continued by Chinese migrants and their wives. 
Eventually, societal changes such as the provision of opportunities 
for the education of women led to the condemnation and eventual 
banning of this practice in China and Singapore.

PELVIMETRY 
Pelvimetry is the assessment of the pelvic dimensions and 
volume through clinical examination and/or imaging. It 
was performed in women with suspected cephalopelvic 
disproportion (CPD) to identify pregnancies that may require 
Caesarean section.(6,7) An example of pelvimetry is shown in 
Fig. 7. The incidence of CPD has anecdotally decreased in 
Singapore since its early history due to improved nutrition and 
resultant increased maternal height. 

PLACENTA PRAEVIA 
Placenta praevia denotes an abnormal low-lying placenta 
positioned close to or covering the internal cervical os. It confers 

Fig. 6 Radiographs of the feet in (a) anteroposterior and (b) lateral view show marked deformity with significant pes cavus, exaggeration of the arches, 
a vertical orientation of the calcanei, and foreshortening of the feet, typical of foot binding as a child.

6a 6b
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Fig. 8 Radiograph performed 15 minutes after the administration of 
intravenous contrast shows the presence of placenta praevia, as evidenced 
by an enhancing soft tissue mass (arrows) adjacent to the internal os.

Fig. 9 Abdominal radiograph in a pregnant woman shows the presence of 
triplets, with two of the fetuses in breech presentation.

a higher risk of potentially life-threatening massive antepartum 
haemorrhage, especially in a complete placenta praevia, and 
Caesarean section should be performed in this instance. Fig. 8 
shows the presence of placenta praevia, as evidenced by an 
enhancing soft tissue mass (arrows) adjacent to the internal os 
on a radiograph performed 15 minutes after the administration of 
intravenous contrast. Radiography as a method of investigation, 
with its attendant risks of ionising radiation to mother and child, 
fell out of favour following the advent of sonography in obstetrics 

and gynaecology, which was pioneered in 1958 by Drs Ian 
Donald, John McVicar and Tom Brown.(8) 

TRIPLETS 
Abdominal radiograph (Fig. 9) in a pregnant woman demonstrates 
the presence of triplets with two fetuses in breech presentation. 
Radiography was used in the pre-ultrasonography era to 
investigate for the presence of multiple pregnancies in a pregnant 
patient with a large-for-date uterus. 

Fig. 7 (a) Anterior and (b) lateral radiographs of the pelvis show typical views for pelvimetry. A ruler for scale should be present in (b) but was not 
included in the original image. (c) Image shows the pelvimetry report detailing the pelvic measurements, pelvis architecture, fetal position and description 
of the placenta.

7a

7b

7c
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Fig. 10 Barium upper gastrointestinal tract study shows thickened, 
lobulated and nodular folds in the gastric body suggestive of gastritis 
(arrow). A prominent areae gastricae pattern (asterisk) of the gastric antrum 
mucosa is noted, as seen in the setting of acid hypersecretion.

Fig. 11 Double-contrast barium study of a patient with gastric carcinoma 
shows absence of the normal gastric mucosal folds and suboptimal 
distension of the gastric body, known as a ‘linitis plastica’ appearance.

GASTRITIS
The barium upper gastrointestinal tract (GI) study in Fig. 10 
shows thickened, lobulated and nodular folds in the gastric 
body suggestive of gastritis (arrow). Prominence of the usual fine 
reticular appearance of the gastric antrum mucosa is noted. This 
is known as a prominent areae gastricae pattern (asterisk) and 
may be seen in the setting of acid hypersecretion.

Barium upper GI studies have been largely superseded 
by other endoscopic and imaging tests such as endoscopy, 
manometry and pH monitoring. There is, however, still a 
limited role for this study in the setting of pharyngography and 
oesophagography in the assessment of dysphagia.(8)

GASTRIC CANCER 
A patient underwent a double-contrast barium meal to 
investigate symptoms of early satiety and loss of weight. This 
study shows the absence of the normal gastric mucosal folds 
and suboptimal distension of the gastric body, known as a 
‘linitis plastica’ appearance (Fig. 11). These imaging features 
are attributed to diffuse thickening of the stomach wall and 
may be caused by neoplasm, granulomatous disease, gastric 

amyloidosis or scarring due to ingestion of corrosive liquids. 
Assessment of gastric motility for stiff or non-motile segments 
is also helpful to check if pathology is present. The patient 
was eventually diagnosed with gastric carcinoma. The present 
gold standard for diagnosis of gastric carcinoma is endoscopy, 
with CT also demonstrating an important role in detection and 
staging. 

ASCARIASIS 
Spot images of a barium meal (Fig. 12) show several tubular 
filling defects (arrows) within the proximal small bowel, 
most clearly demonstrated in the proximal jejunum on the 
magnified spot image. This indicates the presence of Ascaris 
lumbricoides infestation. Barium studies remain a useful 
radiology investigation, as they are easily accessible, quick 
and safe. A. lumbricoides is a major parasite species in soil-
transmitted helminth infections.(9) Ascariasis was commonplace 
in the early days of Singapore, affecting up to 61% of urban 
kampong populations.(10) The subsequent eradication of ascariasis 
can be said to embody Singapore’s progress from a developing 
to a developed nation. 

Fig. 12 (a & b) Images from a barium meal study show several tubular filling defects (arrows) within the proximal small bowel, most clearly demonstrated 
in the proximal jejunum on (b) the magnified spot image, indicating the presence of Ascaris lumbricoides infestation.

12b12a
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GALLSTONE ON ORAL 
CHOLECYSTOGRAM 
An oral cholecystogram study (Fig. 13) shows a filling defect within 
the gallbladder consistent with a gallstone. In this procedure, 
patients were first asked to have non-fatty meals prior to the study. 
Next, a contrast agent was administered orally; radiography was 
then performed after a time interval to assess for contrast filling of 
the gallbladder. A second dose of contrast was administered if the 
gallbladder failed to opacify the first time. The results of the study 
were thus divided into three categories: the presence of gallstones; 
the absence of gallstones; and a non-functional gallbladder, in 
which the gallbladder failed to opacify after the second contrast 
administration. Ultrasonography has since superseded the oral 
cholecystogram to become the primary modality for the detection 
of gallstones. A study from Singapore showed that ultrasonography 
obtained superior results and could be performed at the bedside 
while avoiding radiation or contrast media exposure.(11) 

CROHN’S DISEASE 
A small bowel follow-through study (Fig. 14) was performed 
for a patient with chronic diarrhoea and abdominal pain. 

Fig. 15 Double-contrast barium enema image, performed for iron deficiency 
anaemia, shows a ‘bowler-hat’ sign, suggesting the presence of a sessile 
sigmoid polyp in the sigmoid colon (arrow).

It demonstrates an abnormal pattern of luminal contrast 
opacification indicating deep ulcerations, longitudinal fissures 
and thickened folds in the small bowel wall (arrows). There is 
also separation of the small bowel loops due to the presence of 
transmural inflammation as well as the presence of stricturing of 
the terminal ileum. These imaging features are compatible with 
Crohn’s disease. Currently, the small bowel follow-through study 
has been superseded by small bowel MR/CT enterography due 
to the greater diagnostic accuracy. MR enterography also does 
not produce ionising radiation, with its attendant side effects, 
and allows for more frequent imaging to evaluate disease status.

MALIGNANT SIGMOID POLYP 
A double-contrast barium enema (Fig. 15) was performed for iron 
deficiency anaemia. A ‘bowler-hat’ sign suggesting the presence 
of a sessile sigmoid polyp was seen in the sigmoid colon (arrow). 
This radiological appearance arises from contrast coating on the 
body of the polyp as well as the recess between its base and the 
colonic wall. Rarely, other intraluminal objects such as stool or 
air bubbles can mimic this appearance. However, these entities 
are mobile and can be easily differentiated from polyps during 
real time fluoroscopy. There is a decreasing role for barium enema 
studies in present day radiological practice, as they have largely 
been replaced by CT colonography as a radiological screening 
tool due to the superior sensitivity of CT.(12) 

ASCENDING COLON CANCER 
A 55-year-old man presented with a one-month history of change 
in bowel habits. Spot radiograph from a single-contrast barium 
enema (Fig. 16) demonstrates an annular ‘apple-core’ lesion 
(arrows) narrowing the lumen of the colon, consistent with a 
diagnosis of ascending colon cancer. Contrast enemas were first 
introduced in Singapore in the 1920s.(13) This dynamic, time-
consuming exam required the patient to physically turn on the 
fluoroscopic table, using gravity to manipulate the barium column 
from the rectum to the caecum. The double-contrast technique 
introduced in the 1970s added an additional step to distend the 
bowel lumen with gas for improved visualisation, increasing the 
sensitivity of detection to 96% for polyps that were larger than 

Fig. 14 (a) Small bowel iodinated contrast follow-through study with (b) 
spot views of the right iliac fossa in a patient with chronic diarrhoea and 
abdominal pain shows the presence of an abnormal pattern of luminal 
contrast opacification (arrows) indicating deep ulcerations, longitudinal 
fissures and thickened folds in the bowel wall. Separation of bowel loops 
are also present. The overall features are compatible with Crohn’s disease.

14b14a

Fig. 13 Oral cholecystogram shows a filling defect within the gallbladder, 
consistent with a gallstone.
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1 cm in diameter. Barium enemas have now been superseded 
as a radiological examination by CT colonoscopy, which is able 
to produce three-dimensional images of the colon in less than 
30 seconds while still maintaining the use of gas insufflation used 
in the double-contrast technique for lesion delineation. 

LYMPHANGIOGRAM 
A lymphangiogram (Fig. 17) in a 25-year-old woman with fever 
and night sweats shows normal contrast opacification of the 
retroperitoneal and iliac lymph nodes. In this technique, a fatty 
acid contrast is injected into the tissues of the foot at the first 
webspace in order to opacify the lymphatic vessels and nodes. 
Lymphangiography was often used to evaluate abdominal 
involvement in tuberculosis, as well as to evaluate treatment 
response in lymphoma.(14) This technique was introduced in 
Singapore by Dr Boey Hong Khim,(15) a pioneer in local radiology, 
former head of department at Tan Tock Seng Hospital and Mount 
Elizabeth Hospital, and founding member of the Singapore 
Radiological Society and ASEAN Association of Radiology. Dr 
Boey was known for his modifications of this technique, namely 
the pre-injection of methylene blue to aid with localisation of 
the lymphatics, and the use of weighted syringes to achieve the 
injection pressures necessary for this procedure.

Lymphangiography has since been superseded by CT 
and positron emission tomography. However, it remains 
diagnostically more sensitive than CT, as it is able to demonstrate 
derangements in the internal architecture of normal-sized lymph 
nodes compared with CT, which demonstrates only size. In a 
sense, the technique lives on, as the same method of injection 
is currently used in lymphoscintigraphy for the investigation 
of lymphatic obstruction. This nuclear medicine procedure is 
becoming more common with the development of reconstruction 
techniques in plastic surgery for lymphatic obstruction.
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Question 1. Regarding lead poisoning:
(a) It is associated with lucent metaphyseal bands.
(b) The use of lead in paint was banned since 1978. 
(c) Lead increases osteoclastic activity.
(d) Lead increases osteoblastic activity. 

Question 2. Regarding scurvy:
(a) It is associated with increased Vitamin C intake. 
(b) It is due to defective collagen synthesis. 
(c) Radiological findings include osteopenia.
(d) It may be associated with subperiosteal haemorrhage and bone infarction.

Question 3. Regarding gastritis: 
(a) Thickened, nodular and lobulated rugae are suggestive of gastritis.
(b) Prominence of the reticular appearance of the gastric antrum mucosa may be seen in the setting 

of acid hypersecretion.
(c) Fluoroscopic upper gastrointestinal (GI) tract studies to investigate for gastritis have mostly been 

superseded by endoscopy. 
(d) Fluoroscopic upper GI studies have a limited role in the setting in the setting of pharyngography 

and oesophagography for the assessment of dysphagia. 

Question 4. The following conditions are associated with a ‘linitis plastica’ appearance of the stomach:
(a) Granulomatous disease.
(b) Neoplasm.
(c) Achlasia.
(d) Scarring due to corrosive liquid ingestion.

Question 5. Regarding Crohn’s disease:
(a) Small bowel follow-through has been superseded by small bowel magnetic resonance (MR)/

computed tomography (CT) enterography due to greater diagnostic accuracy.
(b) MR enterography has been superseded by small bowel MR/CT enterography due to greater 

diagnostic accuracy.
(c) In small bowel follow-through fluoroscopic studies, deep ulceration, longitudinal fissures and 

thickened bowel wall are suggestive of Crohn’s disease.
(d) Patients commonly present with vomiting and haematemesis. 

 True  False
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