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sFTRIM

~200µm

mineral, carbonate substitution into 

hydroxyapatite
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8 ROIs = 665 spectra each, 5320/ femur  

Miszkiewicz et al. 2020. International Journal of Paleopathology 31:14-22.
Miszkiewicz et al. 2020, p. 17.

ATR accessory – Vonsgvivut et al. 2019

Vongsvivut, J. et al. 2019 Analyst 144: 3226–3238.



Thousands of spectra!

• Integration files - extract 

peak height and area 

under the trace. 

Summarise and compare 

descriptively.

• Carbonates v2 (890− 850 

cm−1), v3 (1500− 1400 

cm−1), phosphate (1180–

916 cm−1), v2:phosphate 

ratios (e.g. Ou-Yang et al., 

2001; Madupalli et al., 

2017).

• Min. 2605, max. 5170 in 

left femur, and 3893 min 

and 5128 max right femur.

10Ou‐Yang et al., 2001. Journal of Bone and Mineral Research 16(5), 893-900.

Madupalli et al. 2017. Journal of Solid State Chemistry 255: 27-35.



11Miszkiewicz et al. 2020. International Journal of Paleopathology 31:14-22.

Miszkiewicz et al. 2020, p. 20.



12Miszkiewicz et al. 2020. International Journal of Paleopathology 31:14-22.

Miszkiewicz et al. 2020, p. 20.



Ca. 2000 year old male with ankylosed hip 

joint…

• Compromised bone in left 

femur.

• Bone functional 

adaptation paradigms of 

remodeling to 

pathological and 

biomechanical changes.

• Reconstruction of his 

lifestyle in the lead up to 

death.

13Miszkiewicz et al. 2020. International Journal of Paleopathology 31:14-22.

Miszkiewicz et al. 2020, p. 15.
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Why Pacific?
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Foster et al. 2018 p. 413

Foster et al. 2018. Journal of Archaeological Science: Reports 18:408-19.

Buckley 2007 p. 744Buckley 2007. Current Anthropology 48(5):741-9.

gouty arthritis

DISH
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Increased bone fragility in Talasiu, Kingdom of 

Tonga?

Herrscher et al. 2018 p. 309

2650 BP

“old”, femur 

histology, 

confocal 

microscopy, 

sFTIRM

n = 8 

Herrscher et al. 2018. Journal of Archaeological Science: Reports 18:308-17.
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4 ROIs = 220 spectra/sample, 7040 in total

Miszkiewicz et al., 2021. Scientific Reports 11(1):1-6.
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Following inspection of spectra: 

phosphate = 3344 in males, 844 in females 

carbonate min 1676 (v2) and 2159 (v3) in females, and 3339 (v2) and 3329 (v3) in males 

carbonate v2 :phosphate ratios: 846 in females and 2495 in males



20Miszkiewicz et al., 2021 Scientific Reports 11(1):1-6.
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Ca. 3000 Tongans  
• Lifestyle contributions to accelerated bone remodelling?

• Lifespan longer than previously thought with females 

possibly experiencing menopause related bone loss?
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Afia-Too-Ca, a 

burying place on 

the Island of 

Amsterdam, © 

Indian Ocean 

Iconographic 

Collections



Technical challenges 

• ATR attachment not 

making contact with 

all bone regions, 

uneven? (sample 

~100μm)

• Biodegradation 

post-mortem - not all 

spectra suitable for 

analysis -- diagenetic 

calcite deposited 

post-mortem can 

contribute to 

carbonate sites of 

spectra
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Image courtesy of Pimm!
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1. Remove unsuitable spectra/ phosphate, carbonate values; 2. Perform statistical 

correlations to check carbonate v2 and v3 data alignment – remove where random scatter. 

3. Manually examine sites of v3 for a strong peak at 1427 cm−1 indicating presence of 

calcite.



Calcite - strong and distinct peak at 

1427 cm-1
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Courtesy of Pimm!
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…method still rarely applied in bioarchaeology

• Destructive sampling.

• Haven’t been able to 

apply modern bone 

approaches (Vrahnas et 

al. 2016, e.g. collagen 

molecular compaction 

via amide I, II).
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Mays et al., 2013
Mays et al 2013. English Heritage with the Advisory Panel on the Archaeology of Burials in England.

Vrahnas, C. et al. 2016. Bone 93: 146–154.
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