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Technical Innovation

The ‘Silk Road’, often thought of as a network of land routes across Central  
Asia, was complemented by a ‘Maritime Silk Road’ which passed through  
Southeast (SE) Asian waters as it connected China with South Asia and East  
Africa. During the Song Dynasty, China exported large quantities of ceramics to 
generate income used to pay for its imports. Interestingly, the ships which carried 
this trade were mostly of non-Chinese origin with Indonesians being the master 
sailors.

The sea floors of the Maritime Silk Road became the final resting place of many 
ships due to storms and fighting. One such unlucky ship sunk in the Java Sea 
in the 12th century on its way to Java to offload a large cargo. Discovered by 
fishermen in the 1980s, the wreck lay in 27 m of water and was excavated in 
1996 by Pacific Sea Resources under a license from the Indonesian government. 
The evidence at the site suggested that the ship was an Indonesian lashed-lug  
vessel, about 28 m in length [1]. A model thought to replicate the ship is shown in  
Figure 1.
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Figure 1. Replica of the Java Sea shipwreck vessel, built by Nicholas Burningham.  
Image credit: The Field Museum, cat. no. 357835; photo ID no. A114245d_001d. 
Photographer John Weinstein.

The excavation team estimated that the ship’s cargo included 200 tons of cast 
iron pans and wrought iron bars, over which lay some 100,000 pieces of Song  
Dynasty ceramics [2]. About 12,000 intact pieces were excavated from where 
they lay on and under the seabed (Figure 2). Half of the ceramic findings went to 
the Indonesian government (consistent with the license) and half were donated 
to the Field Museum in Chicago for continued archeological study. The donated  
collection included stoneware, earthenware and porcelain (Figure 3).
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Figure 2. Chinese ceramics on the bottom of the Java Sea around a 12th  
century shipwreck which were excavated for conservation in 1996. 
Image credit: Pacific Sea Resources, Inc.

Figure 3. Chinese ceramic bowls from the Java Sea Shipwreck. 
Image credit: The Field Museum, Anthropology. Photo ID no. A115095d 
_025. Photographer Karen Bean.
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Chinese ceramics from this era came largely from the Southeast, specifically  
Fujian and Jiangxi. The finest porcelain, including qingbai, came from kiln  
complexes in Jingdezhen with copies and more common forms from kilns 
in Fujian. But this localization is known only in general. Archeologists and  
anthropologists in the Field Museum team have been studying the composition of 
the clays and glazes of the porcelains to identify specific ‘signatures’ which could 
allow identification of the actual source kilns. 

X-ray fluorescence analysis has provided the tool for determining these  
signatures. As reported earlier this year [3], the team used a portable X-ray  
fluorescence detector (pXRF; called by the lay press, an‘X-ray gun’) to analyze the 
composition of the clays and glazes both of shards found near kiln complexes and 
of 60 samples from the shipwreck ceramic collection. The technique works by  
bombarding the sample with high-energy X-rays, exciting elements in the surface 
clay and glaze, and results in photon/fluorescence emissions. The pXRF analyzes 
these element-specific energy ‘signatures’. This paper was a proof-of-concept that 
pXRF could be used to distinguish pieces and associate them with materials from 
specific locales and kiln complexes in SE China. The pXRF is rapid, non-destructive 
 (of the object analyzed) and of moderate cost.

The use of pXRF with Chinese porcelains found in East Africa was reported  
in 2016 [4]. In the report from the Chicago team, glazes were distinguished 
based on the quantitation of fluorescent signatures from 10 elements [3]. The 60  
shipwreck samples clustered with glazes on shards from four kiln complexes in SE 
China. The highest quality qingbai correlated with clays and glazes from a complex 
in Jingdezhen (Jiangxi), while pieces of lesser quality were shown to be consistent 
with clays and glazes from kilns in Fujian.

This study showed that a pXRF could be used to rather easily distinguish the 
kiln sources of glazed ceramics, even after the pieces had been underwater for  
centuries. In the case of the Java Sea shipwreck and its large porcelain cargo, the 
source kiln complexes were located and led to a rethinking of the ship’s route. Now 
researchers suggest that it most likely started in Fuzhou, then going to Quanzhou 
before embarking for SE Asia and the Indonesian islands.
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Technical Innovation

Lymphedema is a chronic disorder, defined as a progressive and excessive  
accumulation of protein-rich fluid, inflammation, adipose tissue hypertrophy, and 
fibrosis in the interstitial space, which results from impaired lymphatic drainage.  
Regardless of the etiology, it is clinically characterized by chronic swelling,  
localized pain, atrophic skin changes and secondary infections. However, the main 
devastating aspect of lymphedema is the appearance of the affected limb that causes  
psychological morbidity.

Lymphedema is classified as primary or secondary depending on etiology and 
presentation. The primary lymphedema is a form of lymphedema without an  
inciting factor, generally due to a congenital condition associated with pathologic  
development of the lymphatic vessels. It can be divided into three forms,  
classified by the age at the onset: congenital lymphedema, lymphedema praecox,  
and lymphedema tarda. Congenital lymphedema presents at birth or up to 
two years postnatally. Lymphedema praecox typically arises during puberty or  
pregnancy with the onset prior to age 35 years, which accounts for 77–94% of 
all cases of primary lymphedema, and lymphedema tarda presents with an onset 
after age 35.1,2 The secondary lymphedema occurs as a result of other conditions  
or treatments, usually resulting from injury of the lymphatic vessels from  
infection, trauma, or tumors but it may also be iatrogenic following surgical  
interventions or radiotherapies. In developing countries, secondary lymphedema  
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is mainly caused by infections-infestations influencing lymphatic channels,  
primarily the result of filarial infections (Wuscheria banrofti).1 On the other 
hand, in developed countries, secondary lymphedema occurs most commonly  
after the surgical removal of lymph nodes for cancer treatment.

Despite being a common problem, it is vulnerable to misdiagnosis and has been 
badly reputed as an incurable disease. There are conservative and operative  
treatment options for lymphedema. Unfortunately, the efficacy of conservative 
treatment is highly variable between patients and is not curative. Nowadays, the 
microsurgical treatment for bypassing the obstructed segment of the lymphatic 
pathway into the venous system, also known as lymphovenous anastomosis (LVA) 
is preferred in lymphedema cases. However, a preoperative imaging technique is 
needed to assess the soft tissues of the entire limb, determining whether suitable  
lymphatic channels are present, and defining the location of the lymphatics  
relative to anatomic landmarks that the surgeon can use in the operation.3

There are several imaging modalities which aid in the diagnosis of lymphedema  
and define the location of obstruction such as lymphoscintigraphy, Near  
Infra-Red Fluorescence Imaging (NIRF), conventional lymphangiography, CT  
lymphangiography and MR lymphangiography.

Lymphoscintigraphy is a nuclear medicine study and demonstrates a slow or 
absent lymph flow usually in later stages of lymphedema. Technetium 99m  
sulfur colloid is injected intradermally and the transit time to lymph node  
basins can be measured; however, subdermal lymphatics cannot be assessed. While  
radionuclide lymphoscintigraphy has been considered the primary clinical  
imaging modality to diagnose lymphedema, its limited temporal and spatial  
resolution does not allow the identification and localization of individual  
lymphatic channels. NIRF is a dynamic test done by using indocyanine green,  
allowing visualization of the superficial lymphatic flow and functioning lymphatic  
vessels, thus, discovering abnormalities at early stages. It can be used to stage the 
severity of the disease and for preoperative-intraoperative planning. Conventional  
lymphangiography is another entity where radio-opaque material is directly  
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injected into peripheral lymph vessels, but the number of studies declined  
markedly since the introduction of cross-sectional imaging techniques.  
Therefore, levels of expertise in both performing lymphography and interpreting  
lymphograms are declining. This technique is rarely adopted due to the risk of 
damaging lymph vessels.4

MR lymphangiography (MRL) is an advanced imaging technique using 3D  
volumetric contrast-enhanced MR angiography with high temporal and spatial 
resolution, by injection of Gadolinium into the hand or foot to clarify the course 
of lymphatics, which can be used to evaluate both anatomy and function of the  
lymphatic system in a single examination. It is a quick and less invasive imaging 
technique for evaluation in a case of lymphedema or suspected lymphatic injury, 
and useful for preoperative planning of LVA microsurgery. MRL could also be 
useful for evaluating changes in the lymphatic circulation postoperatively or in 
the event of surgical complications. However, there are also limitations despite 
Gadolinium, which can also get into the venous system making the interpretation 
of lymphatic channels difficult.

The indication of MRL is for diagnosis and preoperative planning for the case 
of primary lymphedema. The contraindication of MRL is the same as general  
contraindication for MRI such as patients who have a metallic device or a metallic 
foreign body.

Our experience of MRL in Prince of Songkla University (PSU) hospital will be 
described from this point on. All the cases were referred from MRL of the lower 
extremities, to rule out lymphedema and evaluate the causes of lymphedema in 
affected limbs. 

Equipment: MRL can be performed at either 1.5 tesla or 3.0 tesla. In our experience, 
a 3.0-tesla MRI was preferred and most of the cases were performed by a Philips 
Achieva 3.0T dStream, with a maximum gradient strength value of 40 mT/m and 
a slew rate of 200 mT/m/ms.

Equipment and imaging techniques
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Coils: a multielement body coil is fundamental for this type of examination. Based 
on our purposes, we used a phased-array coil for the study of the lower extremities 
(SENSE XL Torso coil, Philips Medical Systems), which has a large anatomical 
coverage and a good signal-to-noise ratio.

Patient position: patients were placed supine and feet‐first on the scanner table. 
The multielement coils were positioned to cover both lower extremities from both 
feet to the groin. Then, a two‐station exam was performed.

Contrast medium:  based on our purposes, the water soluble extracellular  
Gd-based MR contrast agent used was gadoterate meglumine (Gd‐DOTA,  
Dotarem) with concentration of 0.5 mmol/mL. A mixture of a standard dose 
(0.1 mmol/kg body weight) contrast medium and 2-4 mL of 2% lidocaine  
(Xylocaine) without adrenaline for local anesthesia is injected subcutaneously/ 
intradermally. 

Insertion of the needle: a 24–28-Gauge thin needle is generally preferred.  
Ideally, the tip of the needle should gently be inserted subcutaneously into the  
dorsal aspect of each foot in the region of the four interdigital web spaces. The 
injection is limited to a maximum volume of 2 mL (generally 1 mL) for each  
interdigital web space.

Imaging techniques: 

- Short-tau inversion recovery (STIR) sequences in coronal view of both lower  
   extremities before the contrast medium injection.

- 3D Spoiled gradient echo (3D GRE) of both lower extremities; dynamic at 0, 5,  
   15, 25, 35, 45, 55 and 90 minutes (min), respectively.

Each sequence parameter for the 3.0-T MRL is shown as follows:
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A 48-year-old female presented with progressive, having a swelling left leg for 
1 month. She had been diagnosed with a left popliteal injury after a motorcycle  
accident for 10 months and post repair with PTFE graft. 

Doppler study for both thighs showed a patent left popliteal artery graft  
without significant stenosis and patent left DPA and distal PTA. Deep vein  
ultrasound study also showed a normal venous system.

MRL of the left leg was performed on a 3.0-T machine after obtaining an  
informed consent. Following painting and draping of her left foot, 14 mL of  
Dotarem and 2% Xylocain was injected subcutaneously into all the interdigital 
web spaces and between the first and second proximal metatarsal spaces of both 
feet. The injected sites were massaged for 1 min. Imaging was performed using 
a STIR 3D-DRIVE and dynamic 3D GRE. The acquisition of dynamic 3D-GRE 
was done at 0, 5, 15, 25, 35, 45, 55 and 90 min after injection. A dilated epifascial 
lymphatic system with an extensive reticular pattern were first visualized in 5 min 
(Figure 1-B) followed by 15 min (Figure 1-C), 35 min (Figure 1-D) and by 55 
min, lymphatics up to the groin could be seen (Figure 1-E). There was an excellent  
visualization of multiple lymphatic channels on the medial aspect of the left leg 
and dorsum of the left foot. In addition, there was also normal contrast filling 
of the venous systems. No abnormal tortuous dilated lymphatic vessels or an  

Case study

Parameter STIR 3D GRE
FOV 400 x 500 x 258 mm3 340 x 499 x 260 mm3
Matrix 525x277 228 x 332
TR (ms) 14499 ms 3.4 ms
TE (ms) 70 ms 1.32/2.2 ms
TI (ms) 230 ms -
FA 90o 10º
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In summary, the MRI lymphangiography is a modality for diagnosing  
peripheral lymphedema, which can be seen as stagnation of the contrast media 
at the level of pathology in the affected limb, or congestion of contrast media in  
dilated lymphatic systems distal to obstructive point.  Furthermore, the venous 
system can also be evaluated at the same time. MRL is considered noninvasive and 
more helpful for diagnosis and preoperative evaluation in a case of lymphedema 
for its better spatial and temporal resolution.

Figure 1. 3D MRI images obtained at 0 min (A) , 5 min (B), 15 min (C)  35 min (D) and 55 
min (E) shows the dilated epifascial lymphatics (arrows) and a normal visualization of the veins 
(arrow head).

obvious dermal back flow of right lower extremity was noted. The patient was  
kept on antibiotics after the procedure. There was no pain at the puncture site  
and no other complications were noted.
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