
Treatment of Autoimmune and Inflammatory Disease The present invention
provides novel methods of treatment of multiple sclerosis and other
autoimmune diseases, and novel isolated binding proteins for use in these
methods. There is also provided a method of treating multiple sclerosis
comprising the neutralization of the biological activity of IL-7 or IL-7R.
Background of the invention Multiple Sclerosis (MS) is a chronic
inflammatory, demyelinating disease that affects the central nervous
system. In MS, it is believed that infiltrating inflammatory immune cells
are involved in the destruction of oligodendrocytes, which are the cells
responsible for creating and maintaining a fatty layer, known as the myelin
sheath. MS results in the thinning or complete loss of myelin. When the
myelin is lost, the neurons can no longer effectively conduct their
electrical signals leading to numerous neurologic dysfunctions. Individuals
with MS produce autoreactive T cells that participate in the formation of
inflammatory lesions along the myelin sheath of nerve fibres. The
cerebrospinal fluid of patients with active MS contains activated T cells,
which infiltrate the brain tissue and cause characteristic inflammatory
lesions, destroying the myelin. While the multiple sclerosis symptoms and
course of illness can vary from person to person, there are three forms of
the disease-relapsing-remitting MS, secondary progressive MS, and primary
progressive MS. In the early stages of MS, inflammatory attacks occur over
short intervals of acutely heightened disease activity. These episodes are
followed by periods of recovery and remission. During the remission period,
the local swelling in the nervous system lesion resolves, the immune cells
become less active or inactive, and the myelinproducing cells remyelinate
the axons. Nerve signalling improves, and the disability caused by the
inflammation becomes less severe or goes away entirely. This phase of the
disease is called relapsing-remitting MS (RRMS). The lesions do not all
heal completely, though. Some remain as "chronic" lesions, which usually
have a demyelinated core region which lacks immune cells. Over time, the
cells in the centre of such lesions mostly die, although inflammation often
continues at their edges. The brain can adapt well to the loss of some
neurons, and permanent disability may not occur for many years. However,
more than 50% of patients with MS eventually enter a stage of progressive
deterioration, called secondary progressive MS (SPMS). In this stage, the
disease no longer responds well to disease-modifying drugs, and patients'
disabilities steadily worsen. The destruction of neurons from early in the
natural course of MSsuggests that the progressive disabilities of SPMS
might be the result of an accumulated neuronal loss that eventually
overwhelms the brain's compensatory abilities. Primary progressive MS is a
type of multiple sclerosis where there are no relapses, but over a period
of years, there is gradual loss of physical and cognitive functions. The
goal of treatment in patients with relapsing-remitting multiple sclerosis
is to reduce the frequency and severity of relapses (and thereby prevent
exacerbations) as well as to prevent or postpone the onset of the
progressive phase of the disease. To achieve this goal, in the past
especially, immunomodulatory or immunosuppressive drugs have been used, but
they have never found widespread acceptance owing to limited efficacy and
considerable toxicity. For example, large randomized controlled trials have
been performed successfully with interferon beta-1a, interferon beta-1b,
and glatiramer 



acetate. Both altered autoimmune T cell responses and dysfunction of the
regulatory network of the immune system play an important role in human
autoimmune pathologies, such as MS and rheumatoid arthritis (Kuchroo et
al., (2002) Annu. Rev. Immunol. 20:101- 123; Sospedra and Martin (2005)
Annu. Rev. Immunol. 23: 683-747; Toh and Miossec (2007) Curr. Opin.
Rheumatol. 19:284-288). Although the aetiology and pathogenesis of MS
remain unknown, it is generally considered an autoimmune pathology in which
autoreactive T cells of pathogenic potential, such as TH1 and TH17 cells,
are thought to play an important role. There is evidence that these
effector T cells are activated in vivo during the disease process and are
attributable to the central nervous system (CNS) inflammation. There is
also evidence that these T cells mediate destruction of myelin-expressing
cells in lesions of EAE and MS during the active phase of the disease. On
the other hand, regulatory T cells (Treg ) that normally keep pathogenic
TH1 and TH17 cells in check are deficient in patients with MS, further
tilting the immune system toward an pro-inflammatory state. Three separate
groups recently reported the results of genome wide single nucleotide
polymorphisms (SNPs) scanning in a total of 17,947 donors with or without
MS. After scanning 334,923 SNPs, they found a highly significant
association (overall P=2.9x10-7) of a nonsynonymous coding SNP in the human
IL-7 receptor alpha chain (IL- 7Ra) with MS susceptibility. The SNP
corresponds to a change from T to C in exon 6 of CD127 (also known as
IL-7Ra) .~This change enhances the chance of exon 6 skipping during RNA
splicing, resulting in a soluble form of CD127. Furthermore, expressions of
CD127 and IL-7 RNAs in the cerebrospinal fluids (CSFs) of MS patients are
significantly higher relative to CSFs of patients with other neurological
disorders.IL-7 and IL-7 receptor (IL-7R) are known to play an important
role in T cell and B cell development and homeostasis mainly in a thymic
environment. Indeed, thymic stromal cells, fetal thymus, and bone marrow
are sites of IL-7 of production. The IL-7 receptor consists of two
subunits, CD127 and a common chain (gamma chain or vc) which is shared by
receptors of IL-2, IL-4, IL-9, IL-15, and IL-21 . CD127 is also known as
IL-7 receptor alpha (IL-7Ra) and p90 IL-7R. Human CD127 (Swiss Prot
accession number P16871) has a total of 459 amino acids (20 signal
sequence). It comprises a 219 amino acid extra cellular region, a 25 amino
acid transmembrane region and a 195 amino acid intracellular region. The
numbering of residues within CD127, as used herein (e.g. for the
description of antibody epitopes) is based on the full length protein,
including signal sequence residues. CD127 may exist in four isoforms, the
isoform H20 (Swissprot accession number P 16871-1) has the following amino
acid sequence (including signal sequence): MTILGTTFGM VFSLLQVVSG ESGYAQNGDL
EDAELDDYSF SCYSQLEVNG SQHSLTCAFE DPDVNTTNLE FEICGALVEV KCLNFRKLQE
IYFIETKKFL LIGKSNICVK VGEKSLTCKK IDLTTIVKPE APFDLSVIYR EGANDFVVTF
NTSHLQKKYV KVLMHDVAYR QEKDENKWTH VNLSSTKLTL LQRKLQPAAM YEIKVRSIPD
HYFKGFWSEW SPSYYFRTPE INNSSGEMDP ILLTISILSF FSVALLVILA CVLWKKRIKP
IVWPSLPDHK KTLEHLCKKP RKNLNVSFNP ESFLDCQIHR VDDIQARDEV EGFLQDTFPQ
QLEESEKQRL GGDVQSPNCP SEDVVVTPES FGRDSSLTCL AGNVSACDAP ILSSSRSLDC
RESGKNGPHV YQDLLLSLGT TNSTLPPPFS LQSGILTLNP VAQGQPILTS LGSNQEEAYV TMSSFYQNQ
(SEQ ID NO: 1 ) 



CD127 is also found in the receptor of thymic stromal derived lymphopoietin
(TSLP). The TSLP receptor is a heterodimer of CD127 and cytokine
receptor-like factor 2 (CRLF2). Binding of IL-7 to the IL-7R activates
multiple signaling pathways including the activation of JAK kinases 1 and 3
leading to the phosphorylation and activation of Stat . This pathway is
crucial to the survival of thymic developing T cell precursors because Stat
activation is required in the induction of the anti-apoptotic protein Bcl-2
and the prevention of the pro-apoptotic protein Bax entry into the
mitochondrion. Another IL-7R mediated pathway is the activation of PI3
kinase, resulting in the phosphorylation of the pro-apoptotic protein Bad
and its cytoplasm retention. CD127 is expressed in peripheral resting and
memory T cells. The mechanism of IL-7 regulation of T cell survival and
homeostasis and the source of IL-7 in the periphery are not completely
understood. Furthermore, its potential role in the differentiation and
function of pathogenic T cells inautoimmune disease is poorly studied and
largely unknown. There are few reports suggesting that IL-7 may contribute
to the pathogenesis of autoimmune diseases. CD127 has been described in
WO9015870 and antagonists of IL-7 and CD127 in the treatment of multiple
sclerosis have been described in WO2006052660 and US200601 98822.
Antagonists of TSLP have been described in, for example, US7304144 and
WO2007096149. Summary of the Invention The present inventors have shown
that IL-7/CD127 antagonism is efficacious in amelioration of Experimental
Autoimmune Encephalomyelitis (EAE). The treatment resulted in marked
reduction of TH17 and, to a lesser degree, TH1 cells in both spleen and
spinal cord of treated mice, which was accompanied by an increased level of
Foxp3+ Treg . The inventors have also shown that IL-7 is critically
required for the expansion and survival of TH17 cells, but that its
requirement during differentiation of precursor T cells into a TH17 cell
population is minimal. Restoring the balance of the functional ratio of
autoreactive inflammatory TH17 and TH1 cells and Treg with an antagonist of
CD127 or IL-7 provides great potential as a therapy for multiple sclerosis
and other autoimmune diseases. The selective susceptibility of TH17 and TH1
cells was attributable to high expression of CD127 in activated pathogenic
T cells and their requirement for IL-7 for expansion and survival. Blockade
of CD127 led to altered signalling events characterized by down-regulation
of phosphorylated JAK-1 and STAT-5 and BCL-2 and the increased activity of
BAX, rendering CD127+ TH17 and TH1 cells susceptible to apoptosis. In
contrast, Foxp3+ Treg (inducible Treg ) were resistant to CD127 antagonism
as they did not express, or expressed lower levels of, CD127. Signalling
events, including apoptotic pathways, downstream to IL-7/IL-7R interaction
were not affected in Foxp3+ Treg by a neutralizing anti-CD127 antibody.
Furthermore, similar effects of CD127 antagonism were seen in human TH17
and TH1 expansion and survival, which spared Treg . These findings provide
new evidence supporting the role of IL-7 in pathogenic T cell
differentiation and maintenance and have important therapeutic implications
in MS and other human autoimmune diseases. Therefore, in a first aspect of
the invention, there is provided a method for the treatment of an
autoimmune disease or an inflammatory disorder in a human subject, 



comprising administering to the subject an antagonist of at least one of:
IL-7 receptor mediated TH17 expansion, and IL-7 receptor mediated TH17
survival.IL-7 receptor mediated TH17 expansion and/or survival can be
observed at a cellular level by an increase or maintenance of TH17 cell
count, or by an increase in the ratio of TH17 cell numbers compared to the
numbers of other CD4+ T cells, or more specifically by an increase in the
TH17:TH1 ratio, the TH17:Treg ratio, the (TH17 plus TH1):Treg ratio, and/or
the TH17:(TH1 plus Treg ) ratio. At a molecular level, TH17 expansion
and/or survival can be observed by an increase in IL-17 production by a
population of CD4+ T cells (or by a population of TH17 cells). In an
embodiment, therefore, the antagonist of IL-7 receptor mediated TH17
expansion and/or IL-7 receptor mediated TH17 survival reduces IL-17
production by a population of CD4+ T cells. IL-7 receptor mediated TH17
expansion and survival can also be observed by an increase in IFN-g
production by a population of CD4+ T cells (or by a population of TH17
cells). Thus, in an embodiment, the antagonist of the present invention
inhibits IFN-g production by a population of CD4+ T cells. At a molecular
level, the antagonist of IL-7 receptor mediated TH17 expansion and/or
survival may inhibit IL-7 receptor mediated STAT-5 phosphorylation. Thus,
in another aspect, the invention provides a method for the treatment of an
autoimmune disease or inflammatory disorder, comprising administering to a
patient a antagonist of IL-7 or CD127 in an amount sufficient to reduce the
TH17 cell count in the patient. In another aspect, the invention provides a
method for the treatment of an autoimmune disease in a human subject,
comprising administering to the subject an antagonist of IL-7 receptor
mediated STAT-5 phosphorylation. In another aspect, the present invention
provides a method for treating multiple sclerosis in a patient comprising
administering an antagonist of IL-7 or CD127 to said patient, wherein the
patient is suffering from relapsing remitting multiple sclerosis. In
another aspect, the invention provides a method of treating an autoimmune
or inflammatory disease in a human subject, comprising administering to the
subject an antagonist of IL-7 or IL-7R in an amount effective to reduce the
ratio of TH17 cells relative to TH1 cells. In another aspect, the invention
provides a method of treating an autoimmune or inflammatory disease in a
human subject, comprising administering to the subject an antagonist of
IL-7 or IL-7R in an amount effective to reduce the ratio of TH cells
relative to (Foxp3+) Treg cells. In an embodiment of the above methods, the
antagonist is selected from the group consisting of (a) a binding protein
which specifically binds to CD127 (SEQ ID NO:1);(b) a binding protein which
specifically binds to IL-7, (c) a soluble CD127 polypeptide; and (d) a
combination of two or more of said antagonists. In an embodiment, the
binding protein which specifically binds CD127 or IL-7 is an isolated
human, humanized or chimeric antibody. In an embodiment, the binding
protein which specifically binds to CD127 (an anti-CD127 binding protein)
is an antibody, or an antigen-binding fragment thereof. In some
embodiments, the anti-CD127 binding protein inhibits the binding of IL-7 to
the IL-7R receptor complex. Certain anti-CD127 antibodies useful in the
methods of the present invention are described herein, and include 9B7,
6C5, 6A3, R34.34, GR34 and 1A1 1, humanised or 



chimeric versions thereof, analogs thereof, and antigen-binding fragments
thereof. In an embodiment, the binding protein which specifically binds to
IL-7 (an anti-IL-7 binding protein) is an antibody, or an antigen-binding
fragment thereof. In another aspect, the invention provides a chimeric,
humanised or fully human antibody or an antigen-binding fragment thereof
which binds to CD127 and which is capable of inhibition of IL-7 mediated
TH17 expansion. The present inventors have determined that anti-CD127
binding proteins are not uniformly effective at functionally neutralising
the IL-7 pathway or IL-7R mediated signalling. On the contrary, there are
certain regions of the human CD127 polypeptide which appear to play an
important role in the signalling pathway, to the extent that an antibody
which is capable of binding to one or more of these regions of human CD127
is particularly effective in neutralising the IL-7 pathway or IL-7R
mediated signalling. These regions are defined by amino acid residues: (i)
4 1 SCYSQLEVNGSQHSLTCAFEDPD 63 (SEQ ID NO:1 17), (ii) 65 NTTNLEFEICGALVEV
80 (SEQ ID NO:1 18), (iii) 84 NFRKLQEIYFIETKKFLLIGKS 105 (SEQ ID NO:1 19),
(iv) 148 VTFNTSHLQKKYVKVLMHDVAY 169 (SEQ ID NO:120), and (v) 202
EIKVRSIPDHYFKGFWSE 219 (SEQ ID NO:121) of SEQ ID NO:1 . It is postulated
that these regions contain amino acids which play a role in the interaction
between the ligand IL-7 and the CD127 receptor. The following amino acids
are believed to be of particular significance in the IL-7/CD127
interaction: amino acids (a) 5 1 SQH 53 (SEQ ID NO:122), (b) 77 LVE 79 (SEQ
ID NO:123), (c) 97 KKFLLIG 103 (SEQ ID NO:124), (d) 158 KY 159 (SEQ ID
NO:125), and (e) 212 YF 213 (SEQ ID NO:126).Binding more than one of these
regions may be of significance in the inhibition of IL-7R function. In an
embodiment, the antigen-binding proteins are capable of binding to at least
one amino acid within, or an amino acid flanking or structurally
neighbouring, at least one or a plurality of regions (i) to (iv) as defined
above. In another embodiment, the antigenbinding proteins are capable of
binding to at least one amino acid within, or an amino acid, at least one
of the regions (a) to (e), as defined above. In an embodiment, the
invention provides antigen-binding proteins which are capable of binding to
at least one amino acid within a region defined by amino acid residues 202
to 219 of SEQ ID NO:1 . The antigen-binding protein according to this
embodiment may further be capable of binding to at least one amino acid
within one, two, three or all four of the regions defined by amino acid
residues (i) 4 1 to 63, (ii) 65 to 80, (iii) 84 to 105 and (iv) 148 to 169
of SEQ ID NO:1 . In an embodiment, the antigen-binding protein binds to at
least one amino acid within a region defined by amino acids (v) 202 to 219
of SEQ ID NO:1 and at least one amino acid within a region defined by amino
acids (iv) 148 to 169 of SEQ ID NO:1 . The antigen-binding protein
according to this embodiment may further be capable of binding to at least
one amino acid within a region defined by amino acids (ii) 65 to 80 and/or
(iii) 84 to 105 of SEQ ID NO:1 . In a particular embodiment, the
antigen-binding protein binds 



to at least one amino acid within each of peptides (ii) 65 to 80, (iii) 84
to 105, (iv) 148 to 169, and (v) 202 to 219 of SEQ ID NO:1 . In another
embodiment, the invention provides antigen-binding proteins which are
capable of binding to at least one amino acid within a region defined by
amino acid residues (e) 212 to 213 of SEQ ID NO:1 , or a flanking or
structurally neighbouring amino acid. The antigen-binding protein according
to this embodiment may further be capable of binding to at least one amino
acid within, flanking or structurally neighbouring to, one, two, three or
all four of the regions defined by amino acid residues (a) 5 1 to 53, (b)
77 to 79, (c) 97 to 103 and (d) 158 to 159 of SEQ ID NO:1 . In an
embodiment, the binding protein binds to at least one amino acid within a
region defined by amino acids (e) 212 to 213 of SEQ ID NO:1, or a flanking
or structurally neighbouring amino acid, and at least one amino acid
within, flanking, or structurally neighbouring to a region defined by amino
acids (d) 158 to 159 of SEQ ID NO:1 . The binding protein according to this
embodiment may further be capable of binding to at least one amino acid
within, flanking or structurally neighbouring to a region defined by amino
acids (b) 77 to 79 and/or (c) 97 to 103 of SEQ ID NO:1 . In a particular
embodiment, thebinding protein binds to at least one amino acid within each
of peptides (b) 77 to 79, (c) 97 to 103, (d) 158 to 159, and (e) 212 to 213
of SEQ ID NO:1 . Antibodies according to these aspects of the invention
include 6A3, 1A1 1, 6C5 and 9B7, antigen-binding fragments thereof and
chimeric or humanised variants thereof. Additional antibodies of these
aspects of the invention are chimeric or humanised variants of R3434 or
GR34, or an antigen-binding fragment of R3434 or GR34. In another aspect,
the invention provides a human, humanised or chimeric antibody, or a
fragment thereof, wherein the antibody or fragment binds to an epitope of
human CD127 that contains at least one amino acid residue within the region
beginning at residue number 80 and ending at residue number 190. In an
embodiment, the invention provides an antibody or fragment thereof which
binds to an epitope of human CD127 (SEQ ID NO:1), wherein said epitope has
an amino acid residues which are present in at least one of the regions of
CD127 of SEQ ID NOs:20-28, 45-50,67-70, 87-89, and 106-1 16. This binding
may be measured by, inter alia, peptide ELISA, surface plasmon resonance
(BIAcore) or phage display. In particular embodiments, the antibody or
fragment thereof binds to an epitope of human CD127 (SEQ ID NO:1), wherein
said epitope has amino acid residues which are present in: one, two, three
or four of the regions of SEQ ID NOs:66-70; one, two or three of the
regions of CD127 of SEQ ID NOs:87-89; or one, two or three of the regions
of CD127 of SEQ ID NOs:1 14-1 16. In an embodiment, the invention provides
an antibody or fragment thereof which binds to an epitope of human CD127,
wherein said epitope has an amino acid residue present in at least one of
the following regions of CD127: 35-49 (SEQ ID NO:20), 84-105 (SEQ ID NO:21)
171-180 (SEQ ID NO:22), or an antibody or fragment which binds to an at
least one of the following linear peptides: 35-49 (SEQ ID NO:20), 84-105
(SEQ ID NO:21) 171-180 (SEQ ID NO:22). This binding may be measured by,
inter alia, peptide ELISA, suface plasmon resonance (BIAcore), or phage
display. In an embodiment, the invention provides an antibody or fragment
thereof which binds to an epitope of human CD127 (SEQ ID NO:1), the epitope
having an amino acid residue present within, or the 



epitope being present within the following regions of CD127 (SEQ ID NO:1):
80-94 (SEQ ID NO:23), 95-109 (SEQ ID NO:24), 170-184 (SEQ ID NO:25). In an
embodiment, the invention provides an antibody or fragment thereof which
binds to an epitope of human CD127 (SEQ ID NO:1), the epitope having an
amino acid residue present within, or the epitope being present within the
following regions of CD127 (SEQ ID NO:1): 35-49 (SEQ ID NO:26), 84-105 (SEQ
ID NO:27), 139-184 (SEQ ID NO:28).In another aspect of the invention, there
is provided an antibody or fragment thereof which binds to a C-terminal
biotinylated CD127 peptide that comprises residues 35-49, 84-105, 171-180
of CD127 as determined by surface plasmon resonance, said peptide being
bound to a streptavidin sensor chip. In another embodiment, the antibody or
fragment thereof additionally requires at least one flanking residue or
structurally neighbouring residue to said at least one residue in the
35-49, 84-105 or 171-180 regions of CD127 for binding. The person skilled
in the art can readily identify such antibodies or fragments thereof using,
for example, alanine replacement scanning in ELISA assays. In this respect,
whether or not the antibody requires a residue in the abovedefined regions
of CD127, or a flanking or structurally neighbouring residue, for binding
can be determined by independently substituting said residue of CD127 with
alanine and comparing the binding affinity of the antibody to the alanine
substituted CD127 peptide with the binding affinity of the antibody to the
wild type CD127. Whether or not a residue in the abovedefined regions of
CD127 is required is defined by a reduction in binding affinity of the
antibody to the alanine substituted CD127 compared with the wild-type
CD127, wherein said reduction is more than 1, 2, 3, 4 or 5 fold as
determined by Biacore or ELISA affinity measurements. Further, a
structurally neighbouring residue in this context is a residue that is in
close proximity in three-dimensional space to the residue in question and
which is bound by the antibody. The person skilled in the art appreciates
that antigen epitopes may be either liner or non-liner peptide sequences.
In the latter, non-linear case, although the residues are from different
regions of the peptide chain, they may be in close proximity in the three
dimensional structure of the antigen. Such structurally neighbouring
residues can be determined through computer modelling programs or via
three-dimensional structures obtained through methods known in the art,
such as X-ray crystallography. Another aspect of the present invention
relates to therapeutic antibodies and antigen-binding fragments thereof
which are specific for CD127, and which are useful in the treatment of
autoimmune and/or inflammatory disorders. The antibodies and antigenbinding
fragments may inhibit TH17 expansion and survival and/or inhibit pSTAT-5,
in an assay that as that herein defined. These antibodies and
antigen-binding fragments may represent the antagonist useful in the
methods of the invention. More particularly, in one aspect, there is
provided an antibody or antigen-binding fragment and/or derivative thereof
which binds to CD127 and which comprises at least a third heavy chain CDR
(CDRH3) selected from the group consisting of: 9B7-CDRH3(SEQ ID NO:6);
6C5-CDRH3 (SEQ ID NO:33), 6A3-CDRH3 (SEQ ID NO:55) or 1A1 1- CDRH3 (SEQ ID
NO:75). In an embodiment, the antibody or antigen-binding fragment and/or
derivative thereof comprises CDRH3 of: antibody 9B7 (SEQ ID NO:6) and one,
two, three, four or all five additional CDRs of 9B7 (SEQ ID NOs:4,5,7,8,9);
antibody 6C5 (SEQ ID NO:33) and 



one, two, three, four or all five additional CDRs of 6C5 (SEQ ID NOs: 3
1,32,34,35,36); antibody 6A3 (SEQ ID NO:55) and one, two, three, four or
all five additional CDRs of 6A3 (SEQ ID NOs: 53,54,56,57,58); or antibody
1A1 1 (SEQ ID NO:75) and one, two, three, four or all five additional CDRs
of 1A 11 (SEQ ID NOs:73,74,76,77,78). In another aspect there is provided a
therapeutic antibody which is an antibody or an antigen binding fragment
and/or derivative thereof which binds to CD127 and which comprises the
following CDRs, or analogs thereof: A: CDRH1 : RYNVH (SEQ ID NO:4); CDRH2:
MIWDGGSTDYNSALKS (SEQ ID NO:5); CDRH3: NRYESG (SEQ ID NO:6); CDRL1 :
KSSQSLLNSGNRKNYLT (SEQ ID NO:7); CDRL2: WASTRES (SEQ ID NO:8); and CDRL3:
QNDYTYPFTFGS (SEQ ID NO:9). B: CRDH1 :AYWMS (SEQ ID NO:31) CDRH2:
EINPDSSTINCTPSLKD (SEQ ID NO:32) CDRH3: RLRPFWYFDVW (SEQ ID NO:33) CDRL1 :
RSSQSIVQSNGNTYLE (SEQ ID NO:34) CDRL2: KVSNRFS (SEQ ID NO:35) CDRL3:
FQGSHVPRT (SEQ ID NO:36) C: CRDH1 : TDYAWN (SEQ ID NO:53) CDRH2:
YIFYSGSTTYTPSLKS (SEQ ID NO:54) CDRH3: GGYDVNYF (SEQ ID NO:55) CDRL1 :
LASQTIGAWLA (SEQ ID NO:56) CDRL2: AATRLAD (SEQ ID NO:57) CDRL3: QQFFSTPWT
(SEQ ID NO:58) D: CDRH1 : GYTMN (SEQ ID NO:73) CDRH2: LINPYNGVTSYNQKFK (SEQ
ID NO:74)CDRH3: GDGNYWYF (SEQ ID NO:75) CDRL1 : SASSSVTYMHW (SEQ ID NO:76)
CDRL2: EISKLAS (SEQ ID NO:77) CDRL3: QEWNYPYTF (SEQ ID NO:78). In another
aspect there is provided a therapeutic antibody which is a human, humanised
or chimeric antibody or an antigen binding fragment and/or derivative
thereof which binds to CD127 and which comprises the following CDRs, or
analogs thereof: CDRH1 : GYTMN (SEQ ID NO:92) CDRH2: LINPYSGITSYNQNFK (SEQ
ID NO:93) CDRH3: GDGNYWYF (SEQ ID NO:94) CDRL1 : SASSSVSYMHW (SEQ ID NO:95)
CDRL2: EISKLAS (SEQ ID NO:96) CDRL3: QYWNYPYTF (SEQ ID NO:97). Throughout
this specification, the terms "CDR", "CDRL1", "CDRL2", "CDRL3", "CDRH 1",
"CDRH2", "CDRH3" follow the Kabat numbering system, as set forth in Kabat
et al; Sequences of proteins of Immunological Interest NIH, 1987. Therefore
the following defines the CDRs according to the invention: CDR Residues 



CDRH1 31-35, 35(A), 35(B) CDRH2 50-65 CDRH3 95-97 CDRL1 24-34 CDRL2 50-56
CDRL3 80-97 In another aspect, there is provided a monoclonal antibody
comprising: (i) the heavy chain variable region of SEQ ID NO:2 and/or the
light chain variable region of SEQ ID NO:3; (ii) the heavy chain variable
region of SEQ ID NO:29 and/or the light chain variable region of SEQ ID
NO:30; (iii) the heavy chain variable region of SEQ ID NO:51 and/or the
light chain variable region of SEQ ID NO:52; or(iv) the heavy chain
variable region of SEQ ID NO:71 and/or the light chain variable region of
SEQ ID NO:72. Also provided by the present invention are antibody variable
domain sequences that have at least 90% identity, or at least 95% identity,
or at least 98% identity, or at least 99% identity, over the whole length
of the sequences of SEQ ID NOs: 2, 3, 29, 30, 5 1, 52, 7 1, and 72. Also
provided by the invention is a method of treatment of an autoimmune disease
or inflammatory disorder comprising administering to a patient an
anti-CD127 antibody, wherein the antibody comprises: (i) the heavy chain
variable region of SEQ ID NO:2 and/or the light chain variable region of
SEQ ID NO:3; (ii) the heavy chain variable region of SEQ ID NO:29 and/or
the light chain variable region of SEQ ID NO:30; (iii) the heavy chain
variable region of SEQ ID NO:51 and/or the light chain variable region of
SEQ ID NO:52; (iv) the heavy chain variable region of SEQ ID NO:71 and/or
the light chain variable region of SEQ ID NO:72; or (v) the heavy chain
variable region of SEQ ID NO:90 and/or the light chain variable region of
SEQ ID NO:91 , or a monoclonal antibody having a heavy and light chain
variable regions that have at least 90% identity, or at least 95% identity,
or at least 98% identity, or at least 99% identity, to these heavy and/or
light chain variable regions. In another aspect, the invention provides an
antibody or an antigen-binding fragment thereof which binds to CD127 and
which is capable of inhibition of IL-7 mediated TH17 expansion, wherein the
antibody is not R.34.34 (Dendritics lnc.,#DDX0700). In another aspect of
the present invention, there is provided a method for identifying
antibodies or antibody fragment suitable for use in the treatment of an
autoimmune disease or an inflammatory disease, the method comprising the
steps of: screening a plurality of independent antibody or antibody
fragment populations to determine the ability of each antibody population
to: i. inhibit the binding of IL-7 to IL-7R, 



ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or iii. inhibit the
production of IL-17 by TH17 cells,and selecting those antibody or antibody
fragment populations which are able to inhibit the binding of IL-7 to
IL-7R, inhibit IL-7 induced STAT-5 phosphorylation, and/or inhibit the
production of IL-17 by TH17 cells in vivo. The ability of a composition or
substance (a test agent) to act as an antagonist of IL-7 receptor mediated
TH17 expansion or IL-7 receptor mediated TH17 survival, or to reduce TH17
cell count, can be determined by routine methods. For example, nave CD4+
cells can be stimulated to differentiate into TH17 with appropriate
conditions known to those of skill in the art (e.g. TGF- b1, IL-23, IL-6,
anti-IFN- g and anti-IL-4, or IL-1 b, IL-6 and IL-23). A TH17 population of
cells can then be exposed to the test agent and IL-7, following which the
TH17 cell count can be determined. A decrease in TH17 cells relative to a
control would indicate that the test agent is capable of inhibiting TH17
expansion or survival. In another aspect of the invention, there is
provided a method of manufacturing a medicament for the treatment of
autoimmune or inflammatory disease, the method comprising formulating an
anti-CD127 or anti-IL-7 antibody or antigen-binding fragment thereof and
one or more excipients into a pharmaceutically acceptable formulation. This
method may comprise the preliminary steps of identifying an antibody, as
hereinbefore defined, and/or of recombinantly producing such an antibody.
In the definitions of the epitopes of CD127 that are bound by the binding
proteins and antibodies of the present invention, the numbering system used
refers to the full length sequence of CD127, which includes the signal
sequence. In one embodiment the epitopes of human CD127 are found within
the cited residues of SEQ ID NO:1 . In one embodiment, the binding proteins
of the present invention binds to human CD127 with an affinity (KD) which
is less than 2OnM, less than 15nM, less than 1OnM, less than 5nM, less than
1nM or less than 0.5nM, as measured by surface plasmon resonance (BIAcore)
. In an embodiment, the binding protein competitively inhibits binding of
9B7, 6C5, 3A6, 1A1 1 or R34.34 (Dendritics Inc. #DDX0700), or an
antigen-binding fragment thereof to human CD127. Competitive inhibition can
be determined by those skilled in the art, for example, in a competition
ELISA assay, by BIAcore or Scatchard analysis. In one aspect of the present
invention, there are provided isolated binding proteins which compete with:
i. antibody R34.34 (Dendritics lnc.,#DDX0700); ii. an antibody having a
variable heavy chain region as set out in SEQ ID NO:2 and a variable light
chain region as set out in SEQ ID NO:3;iii. an antibody having a variable
heavy chain region as set out in SEQ ID NO:29 and a variable light chain
region as set out in SEQ ID NO:30; iv. an antibody having a variable heavy
chain region as set out in SEQ ID NO:51 and a variable light chain region
as set out in SEQ ID NO:52; v. an antibody having a variable heavy chain
region as set out in SEQ ID NO:71 and a variable light chain region as set
out in SEQ ID NO:72; or vi. an antibody having a variable heavy chain
region as set out in SEQ ID NO:90 and a variable light chain region as set
out in SEQ ID NO:91 , 



for binding to CD127, wherein the antibody is not R.34.34 (Dendritics
lnc.,#DDX0700). In a particular embodiment, the isolated binding protein of
the present invention is an antibody or an antigen-binding fragment thereof
which competes with: i. antibody R34.34 (Dendritics lnc.,#DDX0700); ii. an
antibody having a variable heavy chain region as set out in SEQ ID NO:51
and a variable light chain region as set out in SEQ ID NO:52; iii. an
antibody having a variable heavy chain region as set out in SEQ ID NO:71
and a variable light chain region as set out in SEQ ID NO:72; or iv. an
antibody having a variable heavy chain region as set out in SEQ ID NO:90
and a variable light chain region as set out in SEQ ID NO:91 , for binding
to CD127, wherein the antibody is not R.34.34 (Dendritics lnc.,#DDX0700).
Also provided by the present invention are binding proteins for use in the
treatment of multiple sclerosis, wherein the binding proteins compete for
binding to human CD127 (SEQ ID NO:1) with: i. antibody R34.34 (Dendritics
lnc.,#DDX0700); ii. an antibody having a variable heavy chain region as set
out in SEQ ID NO:2 and a variable light chain region as set out in SEQ ID
NO:3; iii. an antibody having a variable heavy chain region as set out in
SEQ ID NO:29 and a variable light chain region as set out in SEQ ID NO:30;
iv. an antibody having a variable heavy chain region as set out in SEQ ID
NO:51 and a variable light chain region as set out in SEQ ID NO:52; v. an
antibody having a variable heavy chain region as set out in SEQ ID NO:71
and a variable light chain region as set out in SEQ ID NO:72; or vi. an
antibody having a variable heavy chain region as set out in SEQ ID NO:90
and a variable light chain region as set out in SEQ ID NO:91 , for binding
to CD1 27. The person skilled in the art appreciates that in order for an
antibody or fragment (antibody or fragment A) to compete with antibody
R34.34, GR34, 6A3, 1A 11, 6C5 or 9B7(antibody B) for a specific binding
site (of human CD127), antibody A must be present in a sufficient amount to
have an effect in said assay. For example, antibody A and antibody B may be
present in equimolar amounts. If antibody A is a competing antibody, the
presence of antibody A may reduce the binding of antibody B to human CD127
in an ELISA assay by more than 10%, 20%, 30%, 40% or 50%. A competing
antibody (antibody A) may reduce the binding of antibody B to plate-bound
human CD127, whereas a non-anti-CD127-specific control does not. In such
ELISA assays human CD127 may be bound to an immunoassay plate. In another
assay system, surface plasmon resonance may be used to determine
competition between antibodies. Isolated binding proteins which are capable
of competition for binding to CD127 with antibody R34.34 or the antibodies
of the invention, an isolated binding protein having a V H of SEQ ID NO:2
and VL of SEQ ID NO:3, an isolated binding protein having a VH of SEQ ID
NO:76 and a VL of SEQ ID NO:77, or an isolated binding protein having a VH
of SEQ ID NO: 193 and a VL of SEQ ID NO: 194 may be used in the treatment
of MS and other autoimmune diseases. The binding proteins of the present
invention may comprise the CDRs of R34.34, GR34, 9B7, 6A3, 1A 11 or 6C5, or
they may comprise analogs thereof. 



Also provided by the present invention are humanized antibodies, wherein
the R34.34, GR34, 9B7, 6A3, 1A1 1 or 6C5 CDRs (or analogs thereof) are
grafted into a heavy chain or light chain variable domain framework. In
another aspect of the present invention there is provided a polynucleotide
sequence which encodes the binding proteins of the present invention. In
particular, there is provided a polynucleotide sequence that encodes an
antibody or fragment thereof which comprises one or all of the CDRs found
in 9B7 (SEQ ID NOs:4-9), 6C5 (SEQ ID NOs:31- 36), 6A5 (SEQ ID NOs:53-58),
1A1 1 (SEQ ID NOs:73-78) or GR34 (SEQ ID NOs:92-97). In a related aspect of
the present invention there is provided a host cell transfected with the
polynucleotides of the present invention. The binding proteins, antibodies,
antigen-binding fragments, their humanised, human or chimeric variants, and
analogs, of the present invention may be used in a method of treatment of
multiple sclerosis, the method comprising administering a safe and
effective dose of the binding proteins of the present invention to a
patient in need thereof. In this aspect of the present invention the
binding protein may be an antibody which comprises one or all of the CDRs
found in 9B7 (SEQ ID NOs:4-9), 6C5 (SEQ ID NOs:31-36), 6A5 (SEQ ID
NOs:53-58), 1A1 1 (SEQ ID NOs:73-78) or GR34 (SEQ ID NOs:92-97).Also
provided in this aspect of the present invention is a method where the
patient in need of the treatment is a relapsing/remitting MS (RRMS) patient
who is about to, or is in, a relapse phase. In another aspect, the
invention provides a method of treating an autoimmune or inflammatory
disease comprising administering to a subject in need thereof a
therapeutically effective amount of an antagonist of IL-7 or IL-7R and an
additional therapeutic agent. The additional therapeutic agent may be
selected from the group consisting of: immunomodulators such as interferon
beta (IFNb-1a or IFNb-1b) and glatiramer acetate, immunosuppresants such as
cyclophosphamide, methotrexate, azathioprine, cladribine, cyclosporine and
mitoxantrone, other immune therapies such as intravenous immune globulin
(IVIg), plasma replacement and sulphasalazine. The additional therapeutic
may be administered as in a manner (dosage, timing, mechanism) as
prescribed by a physician. In an embodiment, the additional therapeutic
agent may be administered simultaneously or sequentially or separately from
the antagonist of the present invention. In an embodiment, the additional
therapeutic agent and the antagonist are administered such that their
pharmacological effects on the patient overlap; in other words, they exert
their biological effects on the patient at the same time. In another
embodiment of the invention, the IL7/IL7R antagonist is a soluble CD127
polypeptide. The soluble CD127 polypeptide may comprise a polypeptide which
is 90% or more identical to a polypeptide selected from the extracellular
domain of CD127 (SEQ ID NO:1), or a polypeptide comprised of amino acids 2
1 to 219 of SEQ ID NO:1 . In certain embodiments, the soluble CD127
comprises a polypeptide is amino acids 21-219 of SEQ ID NO:1 . In further
embodiments, the soluble CD127 polypeptide may be fused to a non-CD127
moiety. The non-CD127 moiety may be a heterologous peptide fused to the
soluble CD127 polypeptide. In an embodiment, the non-CD127 moiety is
selected from the group consisting of serum albumin, a targeting protein,
an immunoglobulin 



fragment, a reporter protein or a purification-facilitating protein. In a
particular embodiment, the soluble CD127 polypeptide is fused to an Fc
region of an immunoglobulin. Brief Description of the Figures Figure 1(A)
shows inhibition of IL-7-mediated pSTAT5 by anti-mouse CD127 antibodies;
Figure 1(B) shows inhibition of TSLP mediated pSTAT5 by anti-mouse CD127
antibodies; Figure 2 shows a CD127 ELISA binding curve for 9B7;Figure 3 (A)
shows that MAb 9B7 (solid line) is capable of recognizing CD127 expressed
on the surface of CD127-transfected CHO cell line. An irrelevant, isotype
control, antibody is shown as a dotted line; Figure 3(B) shows that
antibody 9B7 (solid line) is not capable of recognizing CD127 in a mock
transfected CHO cell line - an irrelevant, isotype control, antibody is
shown as a dotted line; Figure 4 demonstrates an example of the inhibition
of IL7-mediated pStat signalling by purified murine anti-CD127 mAb 9B7;
Figure 5(A) shows that the MOG-EAE clinical score was ameliorated by rat
anti-murine CD127 antibody SB/14; Figure 5(B) shows inhibition of MOG
peptide-induced T-cell proliferation by SB/14; Figure 5(C) shows inhibition
of cytokine production by anti-CD127 antibody by SB/14; Figures 5(D) and
5(E) show the selective effect of anti-mCD127 antibody (SB/14) treatment on
helper T cell subtypes; Figure 5(F) shows that the MOG-EAE clinical score
was ameliorated by anti-mCD127 antibody (SB/14) treatment; Figure 6 shows
CD127 expression in Treg , TH1 and TH17 cells derived ex vivo from spleen
or spinal cord of EAE mice; Figure 7(A) shows that the effect of IL-7 on
the promotion of TH17 differentiation was modest compared to that of IL-6;
Figure 7(B) shows that the induction of STAT-3 phosphorylation is largely
driven by IL-6 independently from IL-7; Figure 7(C) shows that the effect
of IL-7 on RORa expression is also modest compared to that of IL-6; Figure
7(D) shows that the effect of anti-mCD127 antibody (SB/14) treatment was
modest during disease onset in EAE; Figure 8(A) shows the percentage of
TH17 cells, g-interferon secreting TH1 cells, and Treg cells in the CNS;
Figure 8(B) shows the percentage of TH17 cells, g-interferon secreting TH1
cells, and Treg cells in splenocytes; Figure 8 (C) shows the percentage of
TH17, TH1 and Treg in the course of EAE in both treated and control mice;
Figure 9(A) shows the effect of an anti-CD127 antibody (SB/14) of TH17 and
TH1 cell counts, but not Treg count, was inhibited when CD127 antibody was
added in the onset of differentiation;Figure 9(B) shows the effect of an
anti-mCD127 antibody (SB/14) as in Figure 9(A), but on differentiated TH17,
but not TH1 or Treg ; Figure 10 shows that addition of IL-7 promoted TH17
expansion/survival and, to a lesser degree, TH1, but not Foxp3 in Treg ,
when day 9 EAE MOG-specific T cells were cultured; 



Figure 11(A) shows an immunoblot analysis of CD4+ T cells derived ex vivo
from treated or control EAE mice showing anti-CD127 antibody treatment
changes in signaling pathways related to JAK-STAT and apoptosis as
characterized by down-regulation of phosphorylated JAK-1 and phosphorylated
STAT-5 and markedly decreased levels of a key pro-apoptotic molecule,
BCL-2, and increased activity of an anti-apoptotic molecule, BAX; Figure
11(B) shows that anti-CD127 antibody treatment increased the percentage of
Annexin-V+ apoptotic cells among CD4+CD127+ T cells compared to that of
CD4+CD127- T cells derived from treated EAE mice; Figure 11(C) shows that
differentiated TH17 cells derived from EAE mice undergo apoptosis which can
be rescued with IL-7, but this process is slowed if the cells are
preincubated with an anti-CD127 antibody; Figure 11(D) shows that the
effects of IL-7 are mediated through the JAK/STAT-5 pathway; Figure 12
shows mAb 9B7 and R34.34 have minimal inhibitory effect on the
differentiation of TH17 from human total CD4+ cells. Figure 13 shows mAb
6C5 inhibition of CD127-ECD binding to immobilised IL-7; Figure 14 shows
that mAb 6C5 competes with IL-7 for binding to CD127; Figure 15 shows that
mAb 6C5 and Dendritics antibody R.34.34 compete for binding to CD127;
Figure 16(A) shows mAb 6A3 inhibition of CD127-ECD binding to immobilised
IL-7; Figure 16(B) is an inhibition ratio curve of antibodies 6A3, 6C5 and
R34.34 at different concentrations of antibody, showing the effect of these
antibodies on the binding of CD127-ECD to lL-7; Figure 17 shows that mAb
6A3 competes with IL-7 for binding to CD127 expressed on CHO cells; Figure
18 shows mAb 6C5 and antibody R.34.34 both inhibit the production of IFNy
by IL- 7 stimulated PBMCs; Figure 19 shows the ability of antibodies BD,
R34.34, 1A1 1 and 6C5 to block Stat5 signalling induced by IL-7 stimulated
PBMCs; Figure 20 shows the ability of antibodies BD, R34.34, 1A1 1 and 6C5
to block Stat5 signalling induced by IL-7 stimulated CCF-CEM cells;Figure 2
1 shows the ability of mAb 6A3 to inhibit IL-17 and IFN-g production in a
TH17 expansion assay; Figure 22 shows the inhibitory effect of various
anti-CD127 antibodies on the production of IL-17 by hCD4+ cells under IL-7
stimulation; Figure 23 shows the inhibitory effect of mAb 6A3 on IFN-g
production and IL-17 production by TH17 cells. Detailed description of the
invention The invention is based on the discovery that IL-7/IL-7R
signalling is critically required for survival and expansion of committed
TH17 cells in both mouse and human systems, while its role in TH17
differentiation is not essential compared to that of IL-6. Surprisingly,
the in vivo effect on the immune system by IL-7R antagonism is highly
selective in EAE, an animal model for multiple sclerosis, affects TH17
cells and, to a lesser extent, TH1 cells predominantly of the memory
phenotype, and spares Treg cells. 



This selectivity appears to play an important role in rebalancing the ratio
of pathogenic TH17 cells and Treg cells by IL-7R antagonism in EAE and is
attributable to the treatment efficacy. The novel mechanism of action of
IL-7/IL-7R signalling in TH17 cell survival and expansion as discussed
above provides a powerful explanation for the treatment efficacy of IL-7R
antagonism in EAE and therapeutic implications for human autoimmune
diseases, such as MS. IL-7 neutralization or IL-7R antagonism is likely to
have unique therapeutic advantages. On one hand, the treatment offers the
selectivity that distinguishes pathogenic TH1 and TH17 cells from Treg and
unrelated immune cells. On the other hand, additional therapeutic
advantages of IL-7R antagonism involve its selective effect on survival and
expansion of differentiated TH17 as opposed to TH17 differentiation. It is
conceivable that targeting in vivo maintenance of committed TH17 versus
TH17 differentiation is more efficacious in a therapeutic context.
Inhibition of IL-7 receptor mediated signalling therefore provides a
promising therapeutic intervention for the treatment of autoimmune or
inflammatory diseases. The term IL-7R mediated signalling, as used herein,
means the biological effect instigated by the IL-7 receptor complex when
bound by its ligand, IL-7. IL-7R mediated signalling therefore includes,
but is not necessarily limited to, one or more, or all, of IL-7 induced
phosphorylation of STAT-5, IL-7 induced expansion of TH17 cells and IL-7
induced survival of TH17 cells. AntagonistsAn IL-7 pathway antagonist as
used herein is any entity that functionally blocks the biological effects
of IL-7, measurable by assays. At the molecular level, one can observe and
measure the blocking effect by assays such as IL-7-induced P-STAT5 or
Bcl-2. Exemplary p-STAT5 assays are described herein. At the cellular
level, one can observe and measure the blocking effect by assays such as
Th17 secretion of IL-17 or IFNy. Exemplary assays are also described
herein. The IL-7/IL-7R pathway antagonists useful in the present invention
are capable of inhibiting, partially or in full, phosphorylation of STAT-5
induced by IL-7. STAT-5 phosphorylation can be determined by methods
routine in the art, for instance, in an assay such as that described herein
(Example 2.3). In such an assay, PBMCs are stimulated with IL-7 in the
presence and absence of a test agent. Cells are subsequently assessed
quantitatively for the level of pSTAT-5, e.g. by staining for pSTAT-5 (e.g.
with a labelled anti-pSTAT-5 antibody) followed by fluorescence activated
cell sorting. The levels of phosphorylated STAT-5 could also be determined
by ELISA. Those agents which reduce the level of phosphorylated STAT-5 may
be potential therapeutic candidates for autoimmune disease. The antagonist
may be capable of reducing levels of phosphorylated STAT-5 by at least 20%,
50%, 75%, 80%, 85%, 90%, 95% or 100% when compared to STAT-5 levels in the
absence of the antagonist, or when compared to a negative control, or
untreated cells. The antagonist may have an IC50 of 50mg/ml, 25mg/ml or
less, 10mg/ml or less, 5mg/ml or less, or 2mg/ml or less. In an embodiment,
the antagonist has an IC50 of less than or equal to 1mg/ml, less than or
equal to 0.75mg/ml, less than or equal to 0.5mg/ml, less than or equal to
0.25mg/ml, or less than or equal to 0.1 mg/ml. The antagonists of the
invention are particularly effective in inhibiting the expansion of TH17
cells. Expansion of TH17 cells can be determined in a TH17 expansion 



assay, which comprises stimulating a population of nave T cells to expand
in the presence and absence of a test agent, followed by stimulating the
cells to produce IL-17 and assessing the level of IL-17 produced by the
cells in the presence and absence of the test agent. In an embodiment, the
antagonist is capable of from 20% or more inhibition of IL- 17 secretion in
such an assay, versus a negative control. More typically, the antagonist is
capable of from 50%, from 75%, from 85% or from 90% or more inhibition of
IL-17 secretion versus the control. The antagonist may, in some
embodiments, exhibit an IC50 of less than or equal to 50mg/ml in the assay.
In other embodiments, the IC50 may be less than or equal to 20mg/ml,
10mg/ml or 5mg/ml.In an embodiment of this assay, human CD4+ T cells are
differentiated into TH17 by stimulation with T cell receptor activation in
the presence of IL-1 , IL-6, and IL-23. After 5 days of differentiation,
CCR6+ cells are sorted out to produce an enriched TH17 population. This
population is then stimulated with human IL-7 and the increase in IL-1 7
and IFN-g in the supernatant are determined. Blocking the interaction
between the IL-7 and CD127 by a functional IL-7/IL-7R pathway antagonist
(e.g. an anti-CD127 antibody) in the incubation period should prevent the
expansion of the TH17 cells leading to the reduction of IL-17 and IFN-g
production. In this embodiment, CD4+ T cells may be isolated from human
peripheral blood mononuclear cells using a commercial kit (e.g. CD4+ T Cell
Isolation Kit II, # 130-091- 155, Miltenyi Biotec). CD4+ T cells are then
typically re-suspended in RPMI medium with 10% FCS at a concentration of
1.5x10E6/ml. Cells are pre-incubated with control or anti- IL-7Rg
antibodies, typically for 30 min. Cells were then cultured with or without
10 ng/ml of IL-7 for 72 h at 37 C. At the end of the incubation, cells are
stimulated with 50ng/ml PMA and 1ug/ml of lonomycin for 5 h. Cell culture
supernatants were then collected and the IL-17 concentration is determined
by ELISA (eBiosciences). Binding Protein The isolated binding proteins of
the present invention may be in the form of an antibody or immunoglobulin,
such as an intact antibody, a human, humanized or chimeric antibody, or
fragments or domains of said antibodies. These antibodies of the present
invention may comprise one or more, or all of the CDRs found in 9B7 (SEQ ID
NOs:4-9), 6C5 (SEQ ID NOs:31-36), 6A5 (SEQ ID NOs:53-58), 1A1 1 (SEQ ID
NOs:73-78) or GR34 (SEQ ID NOs:92-97). By "binding" in this context it is
essentially meant that the binding protein, such as an antibody, binds to
(an epitope of) CD127 via an antigen binding domain, and that the binding
entails some complementarity between the antigen binding domain and (the
epitope of) CD127. A binding protein therefore binds to CD127 or an epitope
of CD127 more readily than it would bind to a random, unrelated
polypeptide, or a random, unrelated epitope. In other words, there is
specificity between the binding protein and (the epitope of) CD1 27. The
binding proteins of the invention may also be in the form of a soluble
CD127 polypeptide. The binding proteins of the present invention may bind
to CD127, such as a monoclonal antibody that specifically binds to CD127.
The binding proteins may also be entities that reduce binding of TSLP to
the TSLP receptor, and also reduces binding of IL7 to the IL-7 receptor,
for the treatment of multiple sclerosis, such as a bispecific binding 



protein that binds to the IL-7 and TSLP ligands, or elements of the IL-7R
and TSLPR that would give this effect, or combinations of ligands and
receptors. In this regard, TSLP antagonists are described in, for example,
US7304144 and WO2007096149, and as noted supra, the TSLP receptor comprises
CD127. The antagonists of the present invention may therefore be useful as
antagonists of TSLP. Isolated The term, "isolated", as it is used herein,
means that the binding proteins are removed from the environment in which
they may be found in nature, for example, they may be purified away from
substances with which they would normally exist in nature. These binding
proteins may be substantially pure, in that the mass of protein in a sample
would by constituted of at least 50% or at least 80% binding protein.
Competition A binding protein is said to competitively inhibit the binding
of a reference binding protein to CD127, to a fragment of CD127 or to an
epitope within CD127 if it preferentially binds to that epitope, to the
extent that it blocks, to some degree, binding of the reference binding
protein to CD127, or to that fragment of CD127 or epitope within CD127.
Competitive inhibition may be determined by any method known in the art,
for example, competition ELISA assays, surface plasmon resonance (BIAcore),
or Scatchard analysis. A binding protein may be said to competitively
inhibit the binding of a reference binding protein to a given epitope if
the binding of the reference antibody is reduced by at least 90%, at least
80%, at least 70%, at least 60% or at least 50%. Intact Antibodies The
binding proteins of the present invention may be "intact antibodies".
Intact antibodies are usually heteromultimeric glycoproteins comprising at
least two heavy and two light chains. Aside from IgM, intact antibodies are
heterotetrameric glycoproteins of approximately 150KDa, composed of two
identical light (L) chains and two identical heavy (H) chains. Typically,
each light chain is linked to a heavy chain by one covalent disulfide bond
while the number of disulfide linkages between the heavy chains of
different immunoglobulin isotypes varies. Each heavy and light chain also
has intrachain disulfide bridges. Each heavy chain has at one end a
variable domain (VH) followed by a number of constant regions. Each light
chain has a variable domain (VL) and a constant region at its other end;
the constant region of the light chain is aligned with the first constant
regionof the heavy chain and the light chain variable domain is aligned
with the variable domain of the heavy chain. The light chains of antibodies
from most vertebrate species can be assigned to one of two types called
Kappa and Lambda based on the amino acid sequence of the constant region.
Depending on the amino acid sequence of the constant region of their heavy
chains, human antibodies can be assigned to five different classes, IgA,
IgD, IgE, IgG and IgM. IgG and IgA can be further subdivided into
subclasses, IgGI , lgG2, lgG3 and lgG4; and IgAI and lgA2. Species variants
exist with mouse and rat having at least lgG2a, lgG2b. The variable domain
of the antibody confers binding specificity upon the antibody with certain
regions displaying particular variability called complementarity
determining regions (CDRs). The more conserved portions of the variable
region are called framework regions (FR). The variable domains of intact
heavy and light chains each comprise four FR connected by three CDRs. The
CDRs in each chain are held together in close proximity by the FR regions
and with the CDRs from the 



other chain contribute to the formation of the antigen binding site of
antibodies. The constant regions are not directly involved in the binding
of the antibody to the antigen but exhibit various effector functions such
as participation in antibody dependent cellmediated cytotoxicity (ADCC),
phagocytosis via binding to Fcg receptor, halflife/ clearance rate via
neonatal Fc receptor (FcRn) and complement dependent cytotoxicity via the
C1q component of the complement cascade. The human lgG2 constant region has
been reported to essentially lack the ability to activate complement by the
classical pathway or to mediate antibody-dependent cellular cytotoxicity.
The lgG4 constant region has been reported to lack the ability to activate
complement by the classical pathway and mediates antibody-dependent
cellular cytotoxicity only weakly. Antibodies essentially lacking these
effector functions may be termed 'non-lytic' antibodies. Human antibodies
The binding proteins of the present invention may be "human antibodies".
Human antibodies may be produced by a number of methods known to those of
skill in the art. Human antibodies can be made by the hybridoma method
using human myeloma or mouse-human heteromyeloma cell lines see Kozbor
J.Immunol 133, 3001 , (1984) and Brodeur, Monoclonal Antibody Production
Techniques and Applications, pp51-63 (Marcel Dekker Inc, 1987). Alternative
methods include the use of phage libraries or transgenic mice both of which
utilize human V region repertories (see Winter G, (1994), Annu.Rev.lmmunol
12,433-455, Green LL (1999), J.Immunol. methods 231 , 11-23).Several
strains of transgenic mice are now available wherein their mouse
immunoglobulin loci has been replaced with human immunoglobulin gene
segments (see Tomizuka K, (2000) PNAS 97,722-727; Fishwild D.M (1996)
Nature Biotechnol. 14,845- 851 , Mendez MJ, 1997, Nature Genetics,
15,146-156). Upon antigen challenge such mice are capable of producing a
repertoire of human antibodies from which antibodies of interest can be
selected. Phage display technology can be used to produce human antibodies
(and fragments thereof), see McCafferty; Nature, 348, 552-553 (1990) and
Griffiths AD et al (1994) EMBO 13:3245-3260. Chimeric and Humanized
Antibodies The binding proteins of the present invention may be "chimeric"
or "humanized" antibodies. The use of intact non-human antibodies in the
treatment of human diseases or disorders carries with it the now well
established problems of potential immunogenicity especially upon repeated
administration of the antibody: that is the immune system of the patient
may recognise the non-human intact antibody as non-self and mount a
neutralising response. In addition to developing fully human antibodies
(see above) various techniques have been developed over the years to
overcome these problems and generally involve reducing the composition of
non-human amino acid sequences in the intact therapeutic antibody whilst
retaining the relative ease in obtaining non-human antibodies from an
immunised animal e.g. mouse, rat or rabbit. Broadly two approaches have
been used to achieve this. The first are chimaeric antibodies, which
generally comprise a non-human (e.g. rodent such as mouse) variable domain
fused to a human constant region. Because the antigen-binding site of an
antibody is localised within the variable regions the chimaeric antibody
retains its binding affinity for the antigen but 



acquires the effector functions of the human constant region and is
therefore able to perform effector functions. Chimaeric antibodies are
typically produced using recombinant DNA methods. DNA encoding the
antibodies (e.g. cDNA) is isolated and sequenced using conventional
procedures (e.g. by using oligonucleotide probes that are capable of
binding specifically to genes encoding the H and L chain variable regions
of the antibody of the invention, e.g. DNA of SEQ ID NO:2 and 3 described
supra). The DNA may be modified by substituting the coding sequence for
human L and H chains for the corresponding non-human (e.g. murine) H and L
constant regions see e.g. Morrison; PNAS 8 1, 6851 (1984). Thus in another
embodiment of the invention there is provided a chimaeric antibody
comprising a VH domain having the sequence: SEQ ID NO:2 and a VLdomain
having the sequence: SEQ ID N0:3 fused to a human constant region (which
maybe of a IgG isotype e.g. IgGI ) . The second approach involves the
generation of humanised antibodies wherein the non-human content of the
antibody is reduced by humanizing the variable regions. Two techniques for
humanisation have gained popularity. The first is humanisation by CDR
grafting. CDRs build loops close to the antibody's N-terminus where they
form a surface mounted in a scaffold provided by the framework regions.
Antigen-binding specificity of the antibody is mainly defined by the
topography and by the chemical characteristics of its CDR surface. These
features are in turn determined by the conformation of the individual CDRs,
by the relative disposition of the CDRs, and by the nature and disposition
of the side chains of the residues comprising the CDRs. A large decrease in
immunogenicity can be achieved by grafting only the CDRs of a non-human
(e.g. murine) antibody ("donor" antibody) onto a suitable human framework
("acceptor framework") and constant regions (see Jones et al (1986) Nature
321 ,522-525 and Verhoeyen M et al (1988) Science 239, 1534-1536). However,
CDR grafting per se may not result in the complete retention of
antigen-binding properties and it is frequently found that some framework
residues of the donor antibody need to be preserved (sometimes referred to
as "backmutations") in the humanised molecule if significant
antigen-binding affinity is to be recovered (see Queen C et al (1989) PNAS
86, 10,029-10,033, Co, M et al (1991 ) Nature 351 , 501-502). In this case,
human V regions showing the greatest sequence homology (typically 60% or
greater) to the non-human donor antibody maybe chosen from a database in
order to provide the human framework (FR). The selection of human FRs can
be made either from human consensus or individual human antibodies. Where
necessary key residues from the donor antibody are substituted into the
human acceptor framework to preserve CDR conformations. Computer modelling
of the antibody maybe used to help identify such structurally important
residues, see WO99/48523. Alternatively, humanisation maybe achieved by a
process of "veneering". A statistical analysis of unique human and murine
immunoglobulin heavy and light chain variable regions revealed that the
precise patterns of exposed residues are different in human and murine
antibodies, and most individual surface positions have a strong preference
for a small number of different residues (see Padlan E.A. et al; (1991)
Mol.lmmunol.28, 489-498 and Pedersen JT. et al (1994) J.MoI. Biol. 235;
959-973). Therefore it is possible to reduce the immunogenicity of a
non-human Fv by replacing exposed residues in its framework regions that
differ from those usually found in human antibodies. Because protein
antigenicity can be correlated with surface accessibility, 



replacement of the surface residues may be sufficient to render the mouse
variableregion "invisible" to the human immune system (see also Mark G.E.
et al (1994) in Handbook of Experimental Pharmacology vol. 113: The
pharmacology of monoclonal Antibodies, Springer-Verlag, pp105-134). This
procedure of humanisation is referred to as "veneering" because only the
surface of the antibody is altered, the supporting residues remain
undisturbed. Further alternative approaches include that set out in
WO04/006955 and the procedure of Humaneering(tm) (Kalobios) which makes use
of bacterial expression systems and produces antibodies that are close to
human germline in sequence (Alfenito-M Advancing Protein Therapeutics
January 2007, San Diego, California). It will be apparent to those skilled
in the art that the term "derived" is intended to define not only the
source in the sense of it being the physical origin for the material but
also to define material which is structurally identical to the material but
which does not originate from the reference source. Thus "residues found in
the donor antibody" need not necessarily have been purified from the donor
antibody. One aspect of the present invention is, therefore, humanized
antibodies comprising one or more, or all, of the CDRs found in the mouse
antibody 9B7 (SEQ ID NOs: 4-9). Multi or bispecific antibodies The binding
proteins of the present invention may be "multi-specific" or "bispecific"
antibodies. A multispecific or bispecific antibody is an antibody
derivative which prevents or reduces binding of both IL-7 and TSLP to their
receptors, the antibody having binding specificities for at least two
proteins selected from IL-7, TSLP, CD127, IL7R gamma chain or CRLF2, also
forms part of the invention. The binding protein of the invention may also
have binding specificity for IL-23, which is expressed on the cell surface
of TH17 cells, for example, the binding protein may have specificity for
both IL-23R (or IL-23) and CD127, or lL-2R (or lL-23) and IL-7. Methods of
making such antibodies are known in the art. Traditionally, the recombinant
production of bispecific antibodies is based on the coexpression of two
immunoglobulin H chain-L chain pairs, where the two H chains have different
binding specificities see Millstein et al, Nature 305 537-539 (1983),
WO93/08829 and Traunecker e a/ EMBO, 10, 1991 , 3655-3659. Because of the
random assortment of H and L chains, a potential mixture of ten different
antibody structures are produced of which only one has the desired binding
specificity. An alternative approach involves fusing the variable domains
with the desired binding specificities to heavy chain constant region
comprising at least part of the hinge region, CH2 and CH3 regions. It is
preferred to have the CH1region containing the site necessary for light
chain binding present in at least one of the fusions. DNA encoding these
fusions, and if desired the L chain are inserted into separate expression
vectors and are then cotransfected into a suitable host organism. It is
possible though to insert the coding sequences for two or all three chains
into one expression vector. In one preferred approach, the bispecific
antibody is composed of an H chain with a first binding specificity in one
arm and an H-L chain pair, providing a second binding specificity in the
other arm, see WO94/04690. See also Suresh et al Methods in Enzymology 121
, 210, 1986. One potential approach is to produce a bispecific antibody or
bispecific fragment such as described supra wherein a first specificity is
towards an epitope of IL-7 and a 



second specificity towards TSLP. Another potential approach is a is to
produce a bispecific antibody or bispecific fragment such as described
supra wherein a first specificity is towards an epitope of IL-7 and a
second specificity towards IL-6. Antibody Fragments The binding proteins of
the present invention may be "antibody fragments". In certain embodiments
of the invention there is provided a therapeutic antibody which is an
antigen binding fragment. Such fragments may be functional antigen binding
fragments of intact and/or humanised and/or chimaeric antibodies such as
Fab, Fd, Fab', F(ab')2, Fv, ScFv fragments of the antibodies described
supra. The fragments may also be human, camellid or shark or other species,
single variable domain antibodies or larger constructs comprising them.
Fragments lacking the constant region lack the ability to activate
complement by the classical pathway or to mediate antibody-dependent
cellular cytotoxicity. Traditionally such fragments are produced by the
proteolytic digestion of intact antibodies by, e.g., papain digestion (see
for example, WO 94/29348) but may be produced directly from recombinantly
transformed host cells. For the production of ScFv, see Bird et al ; (1988)
Science, 242, 423-426. In addition, antibody fragments may be produced
using a variety of engineering techniques as described below. Fv fragments
appear to have lower interaction energy of their two chains than Fab
fragments. To stabilise the association of the VH and VL domains, they have
been linked with peptides (Bird et al, (1988) Science 242, 423-426, Huston
et al, PNAS, 85, 5879- 5883), disulphide bridges (Glockshuber et al, (1990)
Biochemistry, 29, 1362-1367) and "knob in hole" mutations (Zhu et a/
(1997), Protein ScL, 6, 781-788). ScFv fragments can be produced by methods
well known to those skilled in the art see Whitlow et al (1991) Methods
companion Methods Enzymol, 2, 97-105 and Huston et al (1993) Int.
Rev.Immunol 10, 195-217. ScFv may be produced in bacterial cells such as
E.Colibut are more typically produced in eukaryotic cells. One disadvantage
of ScFv is the monovalency of the product, which precludes an increased
avidity due to polyvalent binding, and their short half-life. Attempts to
overcome these problems include bivalent (ScFv') 2 produced from ScFV
containing an additional C terminal cysteine by chemical coupling ( Adams
et al (1993) Can. Res 53, 4026-4034 and McCartney et al (1995) Protein Eng.
8, 301-314) or by spontaneous site-specific dimerization of ScFv containing
an unpaired C terminal cysteine residue (see Kipriyanov et al (1995) Cell.
Biophys 26, 187-204). Alternatively, ScFv can be forced to form multimers
by shortening the peptide linker to between 3 to 12 residues to form
"diabodies", see Holliger et al PNAS (1993), 90, 6444-6448. Reducing the
linker still further can result in ScFV trimers ("triabodies", see Kortt et
al (1997) Protein Eng, 10, 423-433) and tetramers ("tetrabodies", see Le
Gall et al (1999) FEBS Lett, 453, 164-168). Construction of bivalent ScFV
molecules can also be achieved by genetic fusion with protein dimerizing
motifs to form "miniantibodies" (see Pack et al (1992) Biochemistry 3 1,
1579-1584) and "minibodies" (see Hu et al (1996), Cancer Res. 56, 3055-3061
) . ScFv-Sc-Fv tandems ((ScFV) 2) may also be produced by linking two ScFv
units by a third peptide linker, see Kurucz et al (1995) J.lmmol.154,
4576-4582. Bispecific diabodies can be produced through the noncovalent
association of two single chain fusion products consisting of VH domain
from one antibody connected by a short linker to the VL domain of another
antibody, see Kipriyanov et al (1998), Int.J.Can 77,763-772. The stability
of such bispecific diabodies can be enhanced by the 



introduction of disulphide bridges or "knob in hole" mutations as described
supra or by the formation of single chain diabodies (ScDb) wherein two
hybrid ScFv fragments are connected through a peptide linker see Kontermann
et al (1999) J.Immunol. Methods 226 179-188. Tetravalent bispecific
molecules are available by e.g. fusing a ScFv fragment to the CH3 domain of
an IgG molecule or to a Fab fragment through the hinge region see Coloma et
al (1997) Nature Biotechnol. 15, 159-163. Alternatively, tetravalent
bispecific molecules have been created by the fusion of bispecific single
chain diabodies (see Alt et al, (1999) FEBS Lett 454, 90-94. Smaller
tetravalent bispecific molecules can also be formed by the dimerization of
either ScFv-ScFv tandems with a linker containing a helixloop- helix motif
(DiBi miniantibodies, see Muller et al (1998) FEBS Lett 432, 45-49) or a
single chain molecule comprising four antibody variable domains (VH and VL)
in an orientation preventing intramolecular pairing (tandem diabody, see
Kipriyanov et al, (1999) J.MoI. Biol. 293, 41-56). Bispecific F(ab')2
fragments can be created by chemical coupling of Fab' fragments or by
heterodimerization through leucine zippers (see Shalaby et al, (1992)
J.Exp.Med. 175, 217-225 and Kostelny et al (1992), J.Immunol. 148,
1547-1553). Also available are isolated VH and VL domains, see US 6,
248,516; US 6,291 ,158; US 6, 172,197. Other Modifications. The binding
proteins of the present invention may comprise other modifications to
enhance or change their effector functions. The interaction between the Fc
region of an antibody and various Fc receptors (FcgR) is believed to
mediate the effector functions of the antibody which include
antibody-dependent cellular cytotoxicity (ADCC), fixation of complement,
phagocytosis and half-life/clearance of the antibody. Various modifications
to the Fc region of antibodies of the invention may be carried out
depending on the desired effector property. In particular, human constant
regions which essentially lack the functions of a) activation of complement
by the classical pathway; and b) mediating antibody-dependent cellular
cytotoxicity include the lgG4 constant region, the lgG2 constant region and
IgGI constant regions containing specific mutations as for example
mutations at positions 234, 235, 236, 237, 297, 318, 320 and/or 322
disclosed in EP0307434 (WO8807089), EP 0629 240 (WO9317105) and WO
2004/014953. Mutations at residues 235 or 237 within the CH2 domain of the
heavy chain constant region (Kabat numbering; EU Index system) have
separately been described to reduce binding to FcgRI, FcgRII and FcgRIII
binding and therefore reduce antibody-dependent cellular cytotoxicity
(ADCC) (Duncan et al. Nature 1988, 332; 563-564; Lund et al. J. Immunol.
1991 , 147; 2657-2662; Chappel et al. PNAS 1991 , 88; 9036-9040; Burton and
Woof, Adv. Immunol. 1992, 5 1;1-84; Morgan et al., Immunology 1995, 86;
319-324; Hezareh et al., J. Virol. 2001 , 75 (24); 12161-12168). Further,
some reports have also described involvement of some of these residues in
recruiting or mediating complement dependent cytotoxicity (CDC) (Morgan et
al., 1995; Xu et al., Cell. Immunol. 2000; 200:16-26; Hezareh et al., J.
Virol. 2001 , 75 (24); 12161-12168). Residues 235 and 237 have therefore
both been mutated to alanine residues (Brett et al. Immunology 1997, 9 1;
346- 353; Bartholomew et al. Immunology 1995, 85; 41-48; and WO9958679) to
reduce both complement mediated and FcgR-mediated effects. Antibodies
comprising these constant regions may be termed 'non-lytic' antibodies. One
may incorporate a salvage receptor binding epitope into the antibody to 



increase serum half life see US 5,739,277. Human Fcg receptors include FcgR
(I), FcgRlla, FcgRllb, FcgRllla and neonatal FcRn. Shields et al, (2001 )
J.Biol.Chem 276, 6591-6604 demonstrated that a common set of IgGI residues
is involved in binding all FcgRs, while FcgRII and FcgRIII utilizedistinct
sites outside of this common set. One group of IgGI residues reduced
binding to all FcgRs when altered to alanine: Pro-238, Asp-265, Asp-270,
Asn-297 and Pro-239. All are in the IgG CH2 domain and clustered near the
hinge joining CH1 and CH2. While FcgRI utilizes only the common set of IgGI
residues for binding, FcgRII and FcgRIII interact with distinct residues in
addition to the common set. Alteration of some residues reduced binding
only to FcgRII (e.g. Arg-292) or FcgRIII (e.g. Glu-293). Some variants
showed improved binding to FcgRII or FcgRIII but did not affect binding to
the other receptor (e.g., Ser-267Ala improved binding to FcgRII but binding
to FcgRIII was unaffected). Other variants exhibited improved binding to
FcgRII or FcgRIII with reduction in binding to the other receptor (e.g.
Ser-298Ala improved binding to FcgRIII and reduced binding to FcgRII). For
FcgRllla, the best binding IgGI variants had combined alanine substitutions
at Ser-298, Glu-333 and Lys-334. The neonatal FcRn receptor is believed to
be involved in protecting IgG molecules from degradation and thus enhancing
serum half life and the transcytosis across tissues (see Junghans R.P
(1997) Immunol. Res 16. 29-57 and Ghetie et al (2000) Annu.Rev.lmmunol. 18,
739-766). Human IgGI residues determined to interact directly with human
FcRn include Ne253, Ser254, Lys288, Thr307, Gln31 1, Asn434 and His435. The
therapeutic antibody of the invention may incorporate any of the above
constant region modifications. In a particular embodiment, the therapeutic
antibody essentially lacks the functions of a) activation of complement by
the classical pathway; and b) mediating antibody-dependent cellular
cytotoxicity. In a more particular embodiment, the present invention
provides therapeutic antibodies of the invention having any one (or more)
of the residue changes detailed above to modify half-life/clearance and/or
effector functions such as ADCC and/or complement dependent cytotoxicity
and/or complement lysis. In a further aspect of the present invention, the
therapeutic antibody has a constant region of isotype human IgGI with
alanine (or other disrupting) substitutions at positions 235 (e.g., L235A)
and 237 (e.g., G237A) (numbering according to the EU scheme outlined in
Kabat). Other derivatives of the invention include glycosylation variants
of the antibodies of the invention. Glycosylation of antibodies at
conserved positions in their constant regions is known to have a profound
effect on antibody function, particularly effector functioning, such as
those described above, see for example, Boyd et al (1996), MoI. Immunol.
32, 131 1-1318. Glycosylation variants of the therapeutic antibodies of
thepresent invention wherein one or more carbohydrate moiety is added,
substituted, deleted or modified are contemplated. Analogs In this context
of the present invention, also provided are analogs of the antibodies
described. Thus, the invention provides analogs of the R34.34, GR34, 9B7,
6A3, 1A1 1 or 6C5 CDRs (R34.34 analogs, GR34 analogs, 9B7 analogs, 6A3
analogs, 1A1 1 analogs or 6C5 analogs). Analogs of a parental antibody
(e.g. 6A3 or 9B7) will have the same or similar functional properties to
those containing the CDRs of the 



parental antibody, respectively, in that the 9B7 analog antibodies or 6A3
analog antibodies bind to the same target protein or epitope with the same
or similar binding affinity. The analogs may comprise one or more amino
acid substitutions within each or all of its CDRs, and in one embodiment at
least 75% or 80% of the amino acid residues in the CDRs of the parental
antibody are unaltered, in another embodiment at least 90% of the CDRs are
unaltered, and in another embodiment at least 95% of the amino acid
residues in the CDRs are unaltered. In another embodiment, the CDR H3 of
the parental antibody is unaltered in its entirety, whilst the other CDRs
may be the same as the corresponding parental antibody CDRs or may be
analogs thereof. Production Methods The binding proteins of the present
invention may be produced by methods known to the man skilled in the art.
Antibodies of the present invention may be produced in transgenic organisms
such as goats (see Pollock et al (1999), J.Immunol. Methods 231 :147-157),
chickens (see Morrow KJJ (2000) Genet.Eng.News 20:1-55), mice (see Pollock
et al ibid) or plants (see Doran PM, (2000) Curr.Opinion Biotechnol. 11,
199-204, Ma JK-C (1998), Nat.Med. 4; 601-606, Baez J et al, BioPharm (2000)
13: 50-54, Stoger E et al; (2000) Plant MoI. Biol. 42:583-590). Antibodies
may also be produced by chemical synthesis. However, antibodies of the
invention are typically produced using recombinant cell culturing
technology well known to those skilled in the art. A polynucleotide
encoding the antibody is isolated and inserted into a replicable vector
such as a plasmid for further propagation or expression in a host cell. One
useful expression system is a glutamate synthetase system (such as sold by
Lonza Biologies), particularly where the host cell is CHO or NSO (see
below). Polynucleotide encoding the antibody is readily isolated and
sequenced using conventional procedures (e.g. oligonucleotide probes).
Vectors that may be used include plasmid, virus, phage, transposons,
minichromsomes of which plasmids are a typical embodiment. Generally such
vectors further include a signal sequence,origin of replication, one or
more marker genes, an enhancer element, a promoter and transcription
termination sequences operably linked to the light and/or heavy chain
polynucleotide so as to facilitate expression. Polynucleotide encoding the
light and heavy chains may be inserted into separate vectors and introduced
(e.g. by transformation, transfection, electroporation or transduction)
into the same host cell concurrently or sequentially or, if desired both
the heavy chain and light chain can be inserted into the same vector prior
to such introduction. Signal sequences Antibodies of the present invention
maybe produced as a fusion protein with a heterologous signal sequence
having a specific cleavage site at the N terminus of the mature protein.
The signal sequence should be recognised and processed by the host cell.
For prokaryotic host cells, the signal sequence may be an alkaline
phosphatase, penicillinase, or heat stable enterotoxin Il leaders. For
yeast secretion the signal sequences may be a yeast invertase leader, a
factor leader or acid phosphatase leaders see e.g. WO90/13646. In mammalian
cell systems, viral secretory leaders such as herpes simplex gD signal and
native immunoglobulin signal sequences (such as human Ig heavy chain) are
available. Typically the signal sequence is ligated in reading frame to
polynucleotide encoding the antibody of the invention. Selection marker 



Typical selection genes encode proteins that (a) confer resistance to
antibiotics or other toxins e.g. ampicillin, neomycin, methotrexate or
tetracycline or (b) complement auxotrophic deficiencies or supply nutrients
not available in the complex media or (c) combinations of both. The
selection scheme may involve arresting growth of the host cells that
contain no vector or vectors. Cells, which have been successfully
transformed with the genes encoding the therapeutic antibody of the present
invention, survive due to e.g. drug resistance conferred by the
co-delivered selection marker. One example is the DHFR-selection system
wherein transformants are generated in DHFR negative host strains (eg see
Page and Sydenham 1991 Biotechnology 9: 64-68). In this system the DHFR
gene is co-delivered with antibody polynucleotide sequences of the
invention and DHFR positive cells then selected by nucleoside withdrawal.
If required, the DHFR inhibitor methotrexate is also employed to select for
transformants with DHFR gene amplification. By operably linking DHFR gene
to the antibody coding sequences of the invention or functional derivatives
thereof, DHFR gene amplification results in concomitant amplification of
the desired antibody sequences of interest. CHO cells are aparticularly
useful cell line for this DHFR/methotrexate selection and methods of
amplifying and selecting host cells using the DHFR system are well
established in the art see Kaufman RJ. et al J.MoI. Biol. (1982) 159,
601-621 , for review, see Werner RG, Noe W, Kopp K,Schluter M," Appropriate
mammalian expression systems for biopharmaceuticals",
Arzneimittel-Forschung. 48(8):870-80, 1998 Aug. A further example is the
glutamate synthetase expression system (Bebbington et al Biotechnology 1992
VoI 10 p 169). A suitable selection gene for use in yeast is the trp1 gene;
see Stinchcomb et al Nature 282, 38, 1979. Promoters Suitable promoters for
expressing antibodies of the invention are operably linked to
DNA/polynucleotide encoding the antibody. Promoters for prokaryotic hosts
include phoA promoter, beta-lactamase and lactose promoter systems,
alkaline phosphatase, tryptophan and hybrid promoters such as Tac.
Promoters suitable for expression in yeast cells include 3-phosphoglycerate
kinase or other glycolytic enzymes e.g. enolase, glyceralderhyde 3
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose 6 phosphate isomerase, 3-phosphoglycerate
mutase and glucokinase. Inducible yeast promoters include alcohol
dehydrogenase 2, isocytochrome C, acid phosphatase, metallothionein and
enzymes responsible for nitrogen metabolism or maltose/galactose
utilization. Promoters for expression in mammalian cell systems include RNA
polymerase Il promoters including viral promoters such as polyoma, fowlpox
and adenoviruses (e.g. adenovirus 2), bovine papilloma virus, avian sarcoma
virus, cytomegalovirus (in particular the immediate early gene promoter),
retrovirus, hepatitis B virus, actin, rous sarcoma virus (RSV) promoter and
the early or late Simian virus 40 and non-viral promoters such as EF-1
alpha (Mizushima and Nagata Nucleic Acids Res 1990 18(17):5322. The choice
of promoter may be based upon suitable compatibility with the host cell
used for expression. Enhancer element Where appropriate, e.g. for
expression in higher eukaroytics, additional enhancer elements can be
included instead of or as well as those found located in the promoters 



described above. Suitable mammalian enhancer sequences include enhancer
elements from globin, elastase, albumin, fetoprotein, metallothionine and
insulin. Alternatively, one may use an enhancer element from a eukaroytic
cell virus such as SV40 enhancer, cytomegalovirus early promoter enhancer,
polyoma enhancer, baculoviral enhancer ormurine lgG2a locus (see
WO04/009823). Whilst such enhancers are typically located on the vector at
a site upstream to the promoter, they can also be located elsewhere e.g.
within the untranslated region or downstream of the polyadenylation signal.
The choice and positioning of enhancer may be based upon suitable
compatibility with the host cell used for expression.
Polyadenylation/Termination In eukaryotic systems, polyadenylation signals
are operably linked to polynucleotide encoding the antibody of this
invention. Such signals are typically placed 3' of the open reading frame.
In mammalian systems, non-limiting example signals include those derived
from growth hormones, elongation factor-1 alpha and viral (eg SV40) genes
or retroviral long terminal repeats. In yeast systems non-limiting examples
of polydenylation/termination signals include those derived from the
phosphoglycerate kinase (PGK) and the alcohol dehydrogenase 1 (ADH) genes.
In prokaryotic systems polyadenylation signals are typically not required
and it is instead usual to employ shorter and more defined terminator
sequences. The choice of polyadenylation/termination sequences may be based
upon suitable compatibility with the host cell used for expression^ Other
methods/elements for enhanced yields In addition to the above, other
features that can be employed to enhance yields include chromatin
remodelling elements, introns and host-cell specific codon modification.
The codon usage of the antibody of this invention thereof can be modified
to accommodate codon bias of the host cell such to augment transcript
and/or product yield (eg Hoekema A et al MoI Cell Biol 1987 7(8):2914-24).
The choice of codons may be based upon suitable compatibility with the host
cell used for expression. Host cells Suitable host cells for cloning or
expressing vectors encoding antibodies of the invention are prokaroytic,
yeast or higher eukaryotic cells. Suitable prokaryotic cells include
eubacteria e.g. enterobacteriaceae such as Escherichia e.g. E.Coli (for
example ATCC 3 1,446; 3 1,537; 27,325), Enterobacter, Erwinia, Klebsiella
Proteus, Salmonella e.g. Salmonella typhimurium, Serratia e.g. Serratia
marcescans and Shigella as well as Bacilli such as B.subtilis and
B.licheniformis (see DD 266 710), Pseudomonas such as P.aeruginosa and
Streptomyces. Of the yeast host cells, Saccharomyces cerevisiae,
schizosaccharomyces pombe, Kluyveromyces (e.g. ATCC 16,045; 12,424; 24178;
56,500), yarrowia (EP402, 226), Pichia Pastoris (EP183, 070, see also Peng
et al J.Biotechnol. 108 (2004) 185-192), Candida, Trichoderma reesia
(EP244, 234;, Penicillin, Tolypocladium and Aspergillus hosts such as
A.nidulans and A.niger are also contemplated. Although Prokaryotic and
yeast host cells are specifically contemplated by the invention, typically
however, host cells of the present invention are vertebrate cells. Suitable
vertebrate host cells include mammalian cells such as COS-1 (ATCC No.CRL
1650) COS-7 (ATCC CRL 1651), human embryonic kidney line 293, , PerC6
(Crucell), baby hamster kidney cells (BHK) (ATCC CRL.1632), BHK570 (ATCC
NO: CRL 10314), 



293 (ATCC NO.CRL 1573), Chinese hamster ovary cells CHO (e.g. CHO-K1 , ATCC
NO: CCL 6 1, DHFR minus CHO cell line such as DG44 (Urlaub et al, Somat
Cell MoI Genet (1986) VoI 12 pp555-566), particularly those CHO cell lines
adapted for suspension culture, mouse Sertoli cells, monkey kidney cells,
African green monkey kidney cells (ATCC CRL-1587), HELA cells, canine
kidney cells (ATCC CCL 34), human lung cells (ATCC CCL 75), Hep G2 and
myeloma or lymphoma cells e.g. NSO (see US 5,807,715), Sp2/0, YO. Thus in
one embodiment of the invention there is provided a stably transformed host
cell comprising a vector encoding a heavy chain and/or light chain of the
therapeutic antibody as described herein. Typically such host cells
comprise a first vector encoding the light chain and a second vector
encoding said heavy chain. Such host cells may also be further engineered
or adapted to modify quality, function and/or yield of the antibody of this
invention. Non-limiting examples include expression of specific modifying
(eg glycosylation) enzymes and protein folding chaperones. Cell Culturing
Methods. Host cells transformed with vectors encoding the therapeutic
antibodies of the invention may be cultured by any method known to those
skilled in the art. Host cells may be cultured in spinner flasks, shake
flasks, roller bottles, wave reactors (eg System 1000 from wavebiotech.com)
or hollow fibre systems but it is preferred for large scale production that
stirred tank reactors or bag reactors (eg Wave Biotech, Somerset, New
Jersey USA) are used particularly for suspension cultures. Typically the
stirred tankers are adapted for aeration using e.g. spargers, baffles or
low shear impellers. For bubble columns and airlift reactors direct
aeration with air or oxygen bubbles maybe used. Where the host cells are
cultured in a serum free culture media this can be supplemented with a cell
protective agent such as pluronic F-68 to help prevent cell damage as a
resultof the aeration process. Depending on the host cell characteristics,
either microcarriers maybe used as growth substrates for anchorage
dependent cell lines or the cells maybe adapted to suspension culture
(which is typical). The culturing of host cells, particularly vertebrate
host cells may utilise a variety of operational modes such as batch,
fed-batch, repeated batch processing (see Drapeau et al (1994)
cytotechnology 15: 103-109), extended batch process or perfusion culture.
Although recombinantly transformed mammalian host cells may be cultured in
serum-containing media such media comprising fetal calf serum (FCS), it is
preferred that such host cells are cultured in serum -free media such as
disclosed in Keen et al (1995) Cytotechnology 17:153-163, or commercially
available media such as ProCHO-CDM or UltraCHO(tm) (Cambrex NJ, USA),
supplemented where necessary with an energy source such as glucose and
synthetic growth factors such as recombinant insulin. The serum-free
culturing of host cells may require that those cells are adapted to grow in
serum free conditions. One adaptation approach is to culture such host
cells in serum containing media and repeatedly exchange 80% of the culture
medium for the serum-free media so that the host cells learn to adapt in
serum free conditions (see e.g. Scharfenberg K et al (1995) in Animal Cell
technology: Developments towards the 21st century (Beuvery E.C. et al eds),
pp61 9-623, Kluwer Academic publishers). Antibodies of the invention
secreted into the media may be recovered and purified 



from the media using a variety of techniques to provide a degree of
purification suitable for the intended use. For example the use of
therapeutic antibodies of the invention for the treatment of human patients
typically mandates at least 95% purity as determined by reducing SDS-PAGE,
more typically 98% or 99% purity, when compared to the culture media
comprising the therapeutic antibodies. In the first instance, cell debris
from the culture media is typically removed using centrifugation followed
by a clarification step of the supernatant using e.g. microfiltration,
ultrafiltration and/or depth filtration. Alternatively, the antibody can be
harvested by microfiltration, ultrafiltration or depth filtration without
prior centrifugation. A variety of other techniques such as dialysis and
gel electrophoresis and chromatographic techniques such as hydroxyapatite
(HA), affinity chromatography (optionally involving an affinity tagging
system such as polyhistidine) and/or hydrophobic interaction chromatography
(HIC, see US 5, 429,746) are available. In one embodiment, the antibodies
of the invention, following various clarification steps, are captured using
Protein A or G affinity chromatography followed by further chromatography
steps such as ion exchange and/or HA chromatography, anion or cation
exchange, size exclusion chromatography and ammonium sulphate
precipitation. Typically, various virus removal steps are also employed
(e.g. nanofiltration using e.g. aDV-20 filter). Following these various
steps, a purified (typically monoclonal) preparation comprising at least
10mg/ml or greater e.g. 100mg/ml or greater of the antibody of the
invention is provided and therefore forms an embodiment of the invention.
Concentration to 100mg/ml or greater can be generated by
ultracentrifugation. Suitably such preparations are substantially free of
aggregated forms of antibodies of the invention. Bacterial systems are
particularly suited for the expression of antibody fragments. Such
fragments are localised intracellular^ or within the periplasma. Insoluble
periplasmic proteins can be extracted and refolded to form active proteins
according to methods known to those skilled in the art, see Sanchez et al
(1999) J.Biotechnol. 72, 13- 20 and Cupit PM et al (1999) Lett Appl
Microbiol, 29, 273-277. Pharmaceutical Compositions Purified preparations
of antibodies of the invention (particularly monoclonal preparations) as
described supra, may be incorporated into pharmaceutical compositions for
use in the treatment of human diseases and disorders such as those outlined
above. Typically such compositions further comprise a pharmaceutically
acceptable (i.e. inert) carrier as known and called for by acceptable
pharmaceutical practice, see e.g. Remingtons Pharmaceutical Sciences, 16th
ed, (1980), Mack Publishing Co. Examples of such carriers include
sterilised carrier such as saline, Ringers solution or dextrose solution,
buffered with suitable buffers such as sodium acetate trihydrate to a
pharmaceutically acceptable pH, such as a pH within a range of 5 to 8.
Pharmaceutical compositions for injection (e.g. by intravenous,
intraperitoneal, intradermal, subcutaneous, intramuscular or intraportal)
or continuous infusion are suitably free of visible particulate matter and
may comprise from 1mg to 10g of therapeutic antibody, typically 5mg to 1g,
more specifically 5mg to 25mg or 50mg of antibody. Methods for the
preparation of such pharmaceutical compositions are well known to those
skilled in the art. In one embodiment, pharmaceutical compositions comprise
from 1mg to 10g of therapeutic antibodies of the invention in unit dosage
form, optionally together with instructions for use. Pharmaceutical
compositions of the invention may be lyophilised 



(freeze dried) for reconstitution prior to administration according to
methods well known or apparent to those skilled in the art. Where
embodiments of the invention comprise antibodies of the invention with an
IgGI isotype, a chelator of metal ions including copper, such as citrate
(e.g. sodium citrate) or EDTA or histidine, may be added to the
pharmaceutical composition to reduce the degree of metal-mediated
degradation of antibodies of this isotype, see EP0612251 . Pharmaceutical
compositions may alsocomprise a solubiliser such as arginine base, a
detergent/anti-aggregation agent such as polysorbate 80, and an inert gas
such as nitrogen to replace vial headspace oxygen. Effective doses and
treatment regimes for administering the antibody of the invention are
generally determined empirically and are dependent on factors such as the
age, weight and health status of the patient and disease or disorder to be
treated. Such factors are within the purview of the attending physican.
Guidance in selecting appropriate doses may be found in e.g. Smith et al
(1977) Antibodies in human diagnosis and therapy, Raven Press, New York.
Clinical uses The antagonists of the present invention may be used in the
therapy of multiple sclerosis and in other autoimmune or inflammatory
diseases, particularly those in which pathogenic TH17 cells are implicated.
Such diseases are associated with high levels of IL-17 expression. Elevated
levels of IL-17 have been reported in serum and CSF of MS patients
(Matusevicius, D. et al.; Mult. Scler. 5, 101-104; 1999) and in the
synovial fluid obtained from rheumatoid arthritis patients. IL-17 has also
been implicated in psoriasis (Homey et al.; J. Immunol. 164(12):6621-32;
2000), while Hamzaoui et al reported high levels of IL-17 in Behcet's
disease (Scand. J. Rhuematol.; 3 1:4, 205-210; 2002). Elevated IL-17 levels
have also been observed in systemic lupus erythrematosus (SLE) (Wong et al.
; Lupus 9(8):589-93; 2000). Inhibition of IL-7 receptor mediated signalling
may also be useful in the treatment of inflammatory (non-autoimmune)
diseases in which elevated IL-17 has been implicated, such as asthma.
Accordingly, inflammatory and/or autoimmune diseases of the invention
include inflammatory skin diseases including psoriasis and atopic
dermatitis; systemic scleroderma and sclerosis; inflammatory bowel disease
(IBD); Crohn's disease; ulcerative colitis; ischemic reperfusion disorders
including surgical tissue reperfusion injury, myocardial ischemic
conditions such as myocardial infarction, cardiac arrest, reperfusion after
cardiac surgery and constriction after percutaneous transluminal coronary
angioplasty, stroke, and abdominal aortic aneurysms; cerebral edema
secondary to stroke; cranial trauma, hypovolemic shock; asphyxia; adult
respiratory distress syndrome; acute-lung injury; Behcet's Disease;
dermatomyositis; polymyositis; multiple sclerosis (MS); dermatitis;
meningitis; encephalitis; uveitis; osteoarthritis; lupus nephritis;
autoimmune diseases such as rheumatoid arthritis (RA), Sjorgen's syndrome,
vasculitis; diseases involving leukocyte diapedesis; central nervous system
(CNS) inflammatory disorder, multiple organ injury syndrome secondary to
septicaemia or trauma; alcoholichepatitis; bacterial pneumonia;
antigen-antibody complex mediated diseases including glomerulonephritis;
sepsis; sarcoidosis; immunopathologic responses to tissue/organ
transplantation; inflammations of the lung, including pleurisy, alveolitis,
vasculitis, pneumonia, chronic bronchitis, bronchiectasis, diffuse
panbronchiolitis, hypersensitivity pneumonitis, idiopathic pulmonary
fibrosis (IPF), and cystic fibrosis; psoriatic arthritis; 



neuromyelitis optica, Guillain-Barre syndrome (GBS), COPD, type 1 diabetes,
etc. In particular, the antagonists of the present invention may be useful
in the therapy of multiple sclerosis, in all its forms, including
neuromyelitis optica. Treatment with an antagonist of the present invention
is predicted to be most efficacious when administered in the context of
active inflammatory disease, i.e. when used in the treatment of clinically
isolated syndrome or relapsing forms of MS. These stages of disease can be
defined clinically and/or by imaging criteria such as gadolinium
enhancement or other more sensitive techniques, and/or other as yet
undefined biomarkers of active disease. Particularly, the antagonists of
the invention can be used to treat RRMS (via intravenous, sub-cutaneous,
oral or intramuscular delivery) when the patients are entering or are in
relapse. In an embodiment, the antagonist of the invention is administered
to the patient at the onset of relapse, or within 1hr, 2hrs, 3hrs, 6hrs,
12hrs, 24hrs, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9
days or 10 days from the onset of relapse. The use of biomarkers such as
CD127 expression and intracellular cytokine staining (e.g. IL-17 staining)
provides criteria for applying the therapeutic anti-CD127 binding protein.
A subgroup of MS patients with increased TH17 in their CD4+ T cells are
primary candidates for the treatment. In one embodiment the methods of
treatment are methods of the present invention are methods to treat those
patients that express high level of CD127 on their T cells, making them
susceptible to anti-CD127 treatment. Treatment with anti-CD127 may likely
shorten the time of relapse and quicken the attenuation of the clinical
activities measurable by EDSS or MRI. Once the patients enter remission,
the treatment may be stopped to avoid complications such as the inhibition
of normal T cell development and homeostasis. The use of the anti-CD127
antibody may also prolong the period between relapses and improve patients'
quality of life. Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly used and understood by
those of ordinary skill in the art. The examples, and the materials used
therein are for the purposes of illustration only and are not intended to
be limiting.SPECTROSCOPIC SENSORS CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application
Serial No. 61/087,084, filed on August 7, 2008, the entire contents of
which are incorporated herein by reference. STATEMENT AS TO FEDERALLY
SPONSORED RESEARCH This invention was made with Government support under
National Space Biomedical Research Institute Grant No. SMS00004, and under
U.S. Army Medical Research and Materiel Command Contract No.
W81XWH-06-1-0545. The Government has certain rights in this invention.
TECHNICAL FIELD This disclosure relates to sensors, and in particular, to
spectroscopic sensors for measuring sample properties. BACKGROUND
Near-infrared radiation can generally pass through layers of skin and fat
to illuminate blood vessels in muscle tissues. The radiation can be
absorbed by hemoglobin in red blood cells, myoglobin in muscle fibers,
water, and other proteins in blood plasma. Radiation is scattered by 



both muscle fibers and blood cells, and the scattered radiation can be
detected and analyzed to determine the wavelength dependence of the
scattered radiation. The absorbance spectrum of the various absorbing
components in muscle tissues can be determined by comparing the spectra of
incident radiation delivered to the tissues and the scattered radiation
from the tissues. For certain samples, particular spectral features in the
absorbance spectrum can be assigned to particular components in the muscle
tissues (e.g., certain spectral signatures can be assigned to absorption by
hemoglobin and/or myoglobin). SUMMARYDisclosed herein are devices, e.g.,
sensors, and methods for measuring near-infrared spectra of samples,
including tissues of humans and animals, and for determining one or more
properties of the samples based on the spectra. In particular, the
apparatus disclosed herein includes circuit board-based sensors that
include multiple radiation sources, a spectral detector, and an electronic
processor that controls the sources and detector, processes spectral
information from the detector to calculate absorbance spectra of samples,
and determines properties of the samples based on the absorbance spectra.
The sensors can include radiation sources at different source-detector
distances. In particular, the sensors can include multiple long-distance
sources, each of which can illuminate a sample, and following which
illumination scattered radiation from the sample can be measured. Scattered
radiation spectra derived from long-distance source illumination of the
sample typically include spectral contributions from both muscle tissues
within the sample, and from layers of skin and/or fat positioned between
the sensor and the muscle tissues. Absorbance spectra can be generated from
the scattered radiation spectra by comparing the scattered radiation
spectra to incident radiation spectra from the long-distance sources. In
the following discussion, reference is made to absorbance spectra of
samples. However, the apparatus and methods disclosed herein can also be
used to derive reflectance spectra from measured scattered radiation
spectra. In general, reflectance and absorbance are related by a simple
mathematical transformation, and the apparatus and methods disclosed herein
can be used interchangeably with reflectance and/or absorbance information
derived from samples. Methods for converting spectral scattered radiation
information into reflectance and/or absorbance spectra for a sample are
disclosed, for example, in U.S. Patent Application Publication No. US
2008/0097173, the entire contents of which are incorporated herein by
reference. The sensors also typically include one or more short-distance
sources, that can illuminate the sample, and following which illumination
scattered radiation from the sample can be measured. Typically, scattered
radiation spectra derived from short-distance source illumination of the
sample include spectral contributions substantially only from the layers of
skin and/or fat positioned between the sensor and the muscle tissues. As
above, absorbance spectra can be generated from the scattered radiation
spectra by comparing the scattered radiation spectra to incident radiation
spectra from the short-distance sources. Furthermore, by combining
theabsorbance spectra derived from both long-distance and short-distance
illumination sources, the absorbance spectra can be corrected to reduce
spectral contributions due to the intervening skin and/or fat layers. In
sensors that include multiple long-distance sources, the electronic
processor can be configured to choose a particular long-distance source for
illumination of the sample. Typically, the electronic processor is
configured to measure multiple absorbance spectra (either corrected or
uncorrected for overlying skin and/or fat layers) of the sample, where each
one of the absorbance 



spectra is measured following illumination of the sample by one of the
long-distance sources. The processor fits each of the absorbance spectra to
a Taylor series model for the primary chromophores in the sample (e.g.,
oxygenated and de-oxygenated hemoglobin and water). The processor then
determines a root mean-square error for each fit, and selects the
long-distance source that yields sample spectra with the smallest measured
error, provided the sample spectra satisfy at least a minimum suitability
criterion for further sample measurements. One or more absorbance spectra
of the sample can then be obtained by illuminating the sample with
radiation from the selected long-distance source and determining absorbance
spectra based on scattered radiation from the sample. Alternatively or in
addition, to select an appropriate long-distance source, the processor can,
in some embodiments, identify (e.g., measure or retrieve from a storage or
memory unit) an expected spectrum of the sample and/or an expected spectral
shape of particular features in the spectrum of the sample, and analyze
each of the measured absorbance spectra to determine a correspondence
between expected and measured spectra (or between certain portions of the
expected and measured spectra). Typically, the processor then selects as
the illumination source the long-distance source that produces a measured
absorbance spectrum or spectral feature shape that corresponds most closely
with the expected spectrum or spectral feature shape of the sample. As
above, one or more absorbance spectra of the sample can then be obtained by
illuminating the sample with radiation from the selected long-distance
source and determining absorbance spectra based on scattered radiation from
the sample. In general, in a first aspect, the invention features sensors
that include: (a) a circuit board that includes an electronic processor;
(b) a plurality of radiation sources, each source being attached to the
circuit board; and (c) a spectral detector attached to the circuit board,
the spectral detector being configured to analyze radiation derived from
one or more of the plurality ofradiation sources. During use the sensor is
configured to be worn on a portion of a body of a subject. Further, the
electronic processor is configured to cause two or more of the plurality of
radiation sources to direct incident radiation to the subject, to cause the
spectral detector to analyze radiation from the subject, and to determine
one or more properties of the subject based on the radiation from the
subject. In a further aspect, the invention features sensors that include:
(a) a flexible mounting member that includes an adhesive surface configured
to attach directly to a sample and to assume a shape corresponding to at
least a portion of the sample when it attaches to the sample; and (b) a
plurality of radiation sources, a spectral detector, and an electronic
processor attached to the mounting member. The electronic processor can be
configured to cause at least two of the radiation sources to direct
incident radiation to a sample, to cause the spectral detector to analyze
radiation from the sample, and to determine one or more properties of the
sample based on the radiation from the sample. In another aspect, the
invention features sensors that include: (a) a plurality of radiation
sources, each of the radiation sources being positioned to illuminate a
sample with incident radiation; (b) a spectral detector configured to
analyze radiation scattered from the sample in response to incident
radiation; and (c) at least one electronic processor configured to select
one of the plurality of radiation sources and to measure an absorbance
spectrum of the sample based on incident radiation from the selected
radiation source. Selecting one of the plurality of radiation sources can
include measuring a plurality of sample absorbance spectra, each absorbance
spectrum corresponding to illumination of the sample by one of the
plurality of 



radiation sources, and determining a correlation between an expected shape
and a measured shape of a spectral feature in each of the plurality of
absorbance spectra. In a further aspect, the invention features sensors
that include: (a) a circuit board including at least one electronic
processor; (b) a radiation source attached to the circuit board; (c) and a
plurality of spectral detectors attached to the circuit board, each
spectral detector being configured to analyze radiation derived from the
radiation source. The electronic processor(s) can be configured to cause
the radiation source to direct incident radiation to a sample, to cause two
or more of the plurality of spectral detectors to analyze radiation
scattered from the sample, and to determine one or more properties of the
sample based on the scattered radiation.In another aspect, the invention
features sensors that include a disposable mounting member configured to
attach directly to a sample and to assume a shape corresponding to at least
a portion of the sample, and a plurality of radiation sources, a spectral
detector, and at least one electronic processor attached to the mounting
member. The electronic processor(s) can be configured to cause two or more
of the plurality of radiation sources to direct incident radiation to a
sample, to cause the spectral detector to analyze radiation scattered from
the sample, and to determine one or more properties of the sample based on
the scattered radiation. In a further aspect, the invention features
apparatus that include a wearable assembly including an integrated circuit
board and, attached to the circuit board, a plurality of radiation sources,
a spectral detector, and at least one electronic processor. During
operation, the assembly is worn on a portion of a body of a human being.
The electronic processor is configured to cause at least some of the
plurality of radiation sources to direct radiation to be incident on the
portion of the body, to direct the detector to analyze scattered radiation
from the portion of the body, and to determine one or more properties of
the portion of the body based on the scattered radiation. Embodiments of
the sensors and/or apparatus can include one or more of the following
features. The electronic processor can be configured to selectively adjust
at least one of the radiation sources to produce the incident radiation.
The electronic processor can be configured to selectively adjust at least
one of (i) a duty cycle of, and (ii) an electrical drive current supplied
to, each of the radiation sources to produce incident radiation having a
selected spectral shape. The electronic processor can be configured to
adjust the radiation sources to compensate for absorption of incident
radiation by the subject, where the compensation includes adjusting the
radiation sources based on an absorbance spectrum of the subject. The
electronic processor can be configured to adjust the radiation sources to
(i) correct for different emission intensities among the radiation sources,
or (ii) to correct for variations in spectral detection efficiency by the
detector. The electronic processor can be configured to adjust each of the
radiation sources so that each of the radiation sources has a selected
spectral profile. The radiation sources can include a short-distance source
positioned at a distance of 9 mm or less from the detector, and at least
two long-distance sources each positioned at a distanceof 10 mm or more
from the detector. The radiation sources can include at least two
shortdistance sources and at least three long-distance sources. The
electronic processor can be configured to select one of the long-distance
sources to produce at least a portion of the incident radiation by
illuminating the subject with incident radiation produced by each of the
long-distance sources, measuring an absorbance spectrum of the subject
corresponding to illumination by each of the long-distance sources, and
comparing the measured absorbance spectra to select one of the
long-distance sources. The comparing can 



include: (a) for each of the long-distance sources, fitting the absorbance
spectrum corresponding to the long-distance source to a Taylor series model
for the subject's absorbance spectrum, and determining an average error
between the absorbance spectrum and the model; and (b) selecting the
long-distance source corresponding to a smallest average error between the
absorbance spectrum and the model. The comparing can include, prior to
fitting the absorbance spectra corresponding to the long-distance sources,
normalizing the absorbance spectra. The comparing can include, prior to
fitting the absorbance spectra corresponding to the long-distance sources,
correcting each of the absorbance spectra corresponding to the
long-distance sources to reduce spectral effects due to layers of skin and
fat in the subject using information derived from an absorbance spectrum
obtained by exposing the subject to radiation from the short-distance
source. Selecting the long-distance source can include determining whether
the selected longdistance source satisfies a minimum suitability criterion.
Determining whether the selected long distance source satisfies a minimum
suitability criterion can include determining an average value (m) and a
standard deviation (s) of model fitting errors, where the electronic
processor can be configured to select the long-distance source if an
average error between the model and an absorbance spectrum corresponding to
the selected long-distance source is within an interval (m- 3s, m+3s) . The
sensors can include radiation sources that include two or more
short-distance sources, and the electronic processor can be configured to
select a combination of a shortdistance source and a long-distance source
to produce at least a portion of the incident radiation by: (a)
illuminating the subject with incident radiation produced by each of the
short-distance sources; (b) measuring absorbance spectra corresponding to
each of the short-distance sources; (c) correcting each of the spectra
corresponding to the long-distance sources with each of thespectra
corresponding to the short-distance sources; (d) fitting the corrected
spectra to a Taylor series model for the subject's absorbance spectrum and
determining a fitting error between each of the corrected spectra and the
model; and (e) identifying a combination that includes a shortdistance
source and a long-distance source that corresponds to a smallest fitting
error among the corrected spectra. The electronic processor can be
configured to measure a corrected absorbance spectrum of the subject by
measuring a first absorbance spectrum of the subject based on radiation
from the sample derived from illumination of the subject by one of the
long-distance sources, measuring a second absorbance spectrum of the
subject based on radiation from the sample derived from illumination of the
subject by one or more of the short-distance sources, and correcting the
first absorbance spectrum based on the second absorbance spectrum. The
sensors can include a non-disposable portion and a disposable portion,
wherein the disposable portion contacts the non-disposable portion and
comprises a flexible layer having an adhesive surface configured to attach
directly to the sample. The sensors can include a shortdistance radiation
source positioned on the non-disposable portion of the sensor, and two or
more long-distance radiation sources positioned on the disposable portion
of the sensor. The sensors can include a display unit, where the display
unit is positioned on a surface of the sensor opposite to a surface through
which the incident radiation is emitted by the plurality of radiation
sources. The display unit can be configured to display values of at least
some of the one or more properties of the subject. The display can be
further configured to display previously measured values of the one or more
properties of the subject. 



The sensors can include a communication interface that includes a wireless
transmitter and receiver configured to transmit data to and from the
sensor, where the sensor is configured to transmit the data over a network.
The one or more properties can include at least one of oxygen saturation,
oxygen tension, pH, hematocrit, hemoglobin concentration, anaerobic
threshold, water content, and oxygen consumption of the subject. The
electronic processor can be configured to maintain a non-zero measured
detector signal intensity within a predetermined range of signal
intensities during analysis of the radiation from the subject. Maintaining
the detector signal intensity within a predetermined range can include
adjusting at least one of an electronic gain of the detector and a signal
acquisition time tocontrol the signal intensity. Maintaining the detector
signal intensity within a predetermined range can include selecting a
different one of the plurality of radiation sources to direct incident
radiation to the subject. Selecting a different one of the plurality of
radiation sources can include selecting a different radiation source from
among the radiation sources positioned at a distance of 10 mm or more from
the detector. Selecting a different one of the plurality of radiation
sources can include selecting a different radiation source from among the
radiation sources positioned at a distance of 9 mm or less from the
detector. The electronic processor can be configured to provide information
about the one or more properties of the subject to a therapeutic device to
control the therapeutic device. The mounting member can include a first
disposable portion that contacts the sample, and a second non-disposable
portion to which the plurality of radiation sources, the detector, and the
electronic processor are attached, where the disposable portion is at least
partially transmissive to near-infrared radiation and forms a window
through which incident radiation produced by the radiation sources passes
to reach the sample. In some embodiments, the plurality of radiation
sources can be directly attached to the circuit board. In certain
embodiments, the plurality of radiation sources can be fixedly attached to
the circuit board. In some embodiments, the plurality of radiation sources
can be attached to the circuit board so that during use, the plurality of
radiation sources directly contact the subject, or directly contact a layer
of material (e.g., an adhesive layer) positioned between the sensor and the
subject. The radiation sources can be directly electrically contacted to
the circuit board. In certain embodiments, the sensors can include a
plurality of spectral detectors and one or more radiation sources. The
sensors can include a power source attached to the circuit board. The power
source can include a battery. The battery can be one of a rechargeable
battery and a disposable battery. For example, the battery can be a
rechargeable battery, and the sensor can include an apparatus configured to
support the sensor during charging of the battery. The sensors can be
configured to be attached directly to the sample. At least a portion of the
sensor can be flexible, and the sensor can be configured to adapt to a
shape of the sample. The detector can include a charge coupled device.
Alternatively, or in addition, the detector can include a complementary
metal oxide semiconductor-based device. The detector can include a linear
variable filter.A maximum dimension of the sensor can be less than 15 cm
(e.g., less than 8 cm). A full width at half maximum (FWHM) spectral
resolution of the detector can be 10.0 nm or less (e.g., 2.0 nm or less,
0.5 nm or less). At least some of the plurality of radiation sources can
include light emitting diodes. For example, each one of the plurality of
radiation sources can include one or more light emitting 



diodes. At least some of the plurality of radiation sources can include
multiple light emitting diodes. Alternatively, or in addition, at least
some of the plurality of radiation sources can include incandescent
sources. Radiation emitted by the light emitting diodes can include
near-infrared radiation. The near-infrared radiation can include radiation
that includes wavelengths between 600 nm and 1100 nm. The multiple light
emitting diodes can be configured to produce incident radiation having a
full width at half maximum (FWHM) spectral bandwidth of 25 nm or more
(e.g., 100 nm or more, 500 nm or more). The electronic processor(s) can be
configured to selectively adjust at least some of the light emitting diodes
to produce the incident radiation. Selectively adjusting at least some of
the light emitting diodes can include adjusting an intensity of radiation
emitted by the light emitting diodes. The light emitting diodes can be
adjusted by adjusting a duty cycle of the light emitting diodes. The light
emitting diodes can be adjusted by adjusting a drive current supplied to
the light emitting diodes. The light emitting diodes can be adjusted to
increase or decrease a total output radiation intensity from the plurality
of radiation sources. The light emitting diodes can be adjusted to
compensate for absorbance of incident radiation by the sample. The
compensation for absorbance can include adjusting at least some of the
light emitting diodes based on selected absorbance bands within a radiation
absorbance spectrum of the sample. The electronic processor(s) can be
configured to adjust an output intensity of at least some of the multiple
light emitting diodes to produce incident radiation having a selected
spectral shape. The spectral shape of the incident radiation can be
selected to at least partially correct for absorption of the incident
radiation by the sample. The spectral shape of the incident radiation can
be selected to at least partially correct for differing emission
intensities among the multiple light emitting diodes. The spectral shape of
the incident radiation can be selected to at least partially correct for
variations in spectral detection efficiency by the detector.At least some
of the radiation sources can include short-distance sources positioned at a
distance of 9 mm or less from the detector (e.g., 8 mm or less, 7 mm or
less, 6 mm or less, 5 mm or less, 4 mm or less, 3 mm or less, 2.5 mm or
less from the detector). The sensor can include one or more short-distance
sources (e.g., two or more short-distance sources, three or more
shortdistance sources, five or more short-distance sources, seven or more
short-distance sources, more than seven short-distance sources). At least
some of the radiation sources can include long-distance sources positioned
at a distance of 10 mm or more from the detector (e.g., 20 mm or more from
the detector, 50 mm or more from the detector). Each of the long-distance
sources can be positioned at a different distance from the detector
relative to the other long-distance sources. At least some of the plurality
of radiation sources can include packages that include multiple radiation
emitting elements. The at least some of the plurality of radiation sources
each can include two or more packages. At least some of the packages can
include two or more radiation emitting elements. The electronic
processor(s) can be configured to select one of two or more long-distance
sources to produce incident radiation. The electronic processor(s) can be
configured to select the long-distance source based on a spectral feature
in an absorbance spectrum of the sample, or to select the long-distance
source based on a correlation between an expected shape and a measured
shape of an absorption band in a spectrum of the sample. The measured shape
of the absorption 



band can be determined by directing incident radiation from the
long-distance source to the sample and measuring radiation scattered from
the sample. In additional embodiments, the electronic processor(s) can be
configured to select the long-distance source by illuminating the sample
with incident radiation produced by each of the long-distance sources,
measuring an absorbance spectrum of the sample based on the incident
radiation from each of the long-distance sources, and comparing the
absorbance spectra to select one of the long-distance sources. The
comparing can include: (i) for each of the long-distance sources, fitting
the absorbance spectrum corresponding to the long-distance source to a
model (e.g., a Taylor series model, or another type of model) for the
absorbance spectrum, and determining errors between the absorbance spectrum
and the model; and (ii) selecting the longdistance source corresponding to
the smallest average error between the absorbance spectrum and model. The
comparing can also include, prior to the fitting, correcting each of the
spectracorresponding to the long-distance sources based on absorbance
information measured by illuminating the sample with incident radiation
produced by one or more of the short-distance sources. In other
embodiments, the comparing can also include selecting a long-distance
source for which an error between the corresponding spectrum and the model
satisfies a minimum suitability criterion. The minimum suitability
criterion can include the spectrum having an error relative to the model
that is within 3s of a mean value of the errors. In yet other embodiments,
the electronic processor(s) can be configured to measure a corrected
absorbance spectrum of the sample by measuring a first absorbance spectrum
of the sample based on scattered illumination radiation derived from one of
the long-distance sources, measuring a second absorbance spectrum of the
sample based on scattered illumination radiation derived from one or more
of the short-distance sources, and correcting the first absorbance spectrum
based on the second absorbance spectrum. The first absorbance spectrum can
be corrected to reduce the spectral effects of skin pigmentation in the
sample. Alternatively, or in addition, the first absorbance spectrum can be
corrected to reduce the spectral effects of fat in the sample. The
electronic processor(s) can also be configured to measure at least three
corrected absorbance spectra of the sample based on scattered illumination
radiation from at least three of the long-distance sources. In certain
embodiments, the sensors can include an adhesive element positioned to
attach the sensor to the sample. The adhesive element can be disposable. In
other embodiments, the sensors can be disposable or non-disposable.
Alternatively, the sensors can include a nondisposable portion and a
disposable portion connected to the non-disposable portion. The plurality
of radiation sources can include one or more short-distance radiation
sources and one or more long-distance radiation sources relative to the
position of the detector, and each of the short-distance sources can be
positioned on the non-disposable portion and each of the long-distance
sources can be positioned on the disposable portion. The sensors can
include a power source including a disposable battery, where the disposable
battery is positioned on the disposable portion. Alternatively, the sensors
can include a power source including a disposable battery, where the
disposable battery is positioned on the non-disposable portion.In various
embodiments, the sensors can include a sleeve configured to attach to the
sample, the sleeve including a pocket configured to accommodate the sensor.
The sleeve can be at least partially transmissive of near-infrared
radiation. The sensors can include a display unit. The display unit can be
positioned on a surface of the sensor opposite to a surface through which
the incident radiation is emitted by the plurality of 



radiation sources. In certain embodiments, the sensors can include, or also
include, a communication interface. The communication interface can include
a wireless transmitter and receiver configured to transmit data from, and
receive data sent to, the sensor. The communication interface can include a
port configured to transmit data from, and receive data sent to, the
sensor. The sensors can be configured to transmit data to an external
device through the communication interface. The sensors can be configured
to transmit data to a network through the communication interface. The
network can be the internet. The network can be a mobile telephone network.
The support apparatus can include a communication interface, and the
sensors can be configured to transmit data to the support apparatus during
charging of the battery. The one or more properties can include at least
one of oxygen saturation, oxygen tension, pH, hematocrit, hemoglobin
concentration, anaerobic threshold, water content, and oxygen consumption
of the sample. The sample can include muscle tissue. The sample can include
a portion of a human or an animal. The sample can include skin and fat
layers positioned between the sensor and the muscle tissue. The sensors can
include a housing that encloses the circuit board, the plurality of
radiation sources, and the detector, where the housing is configured to
attach to a subject that includes the sample. The sensors can be configured
to transmit to an external system values of at least one of oxygen
saturation, oxygen tension, pH, water content, and hematocrit, and the
external system can be configured to control the at least one of oxygen
saturation, oxygen tension, pH, water content, and hematocrit in a subject
that includes the sample. In various embodiments, selecting one of the
plurality of radiation sources can include illuminating the sample with
incident radiation produced by each of the plurality of sources,measuring
an absorbance spectrum of the sample based on the incident radiation from
each of the sources, and comparing the absorbance spectra to select one of
the sources. Selecting one of the plurality of radiation sources can
include selecting a radiation source that corresponds to a closest
correlation between the expected shape and the measured shape of the
spectral feature. The spectral feature can be an absorption band.
Embodiments of the sensors and/or apparatus can also include any of the
other features disclosed herein, as appropriate. In another aspect, the
invention features methods for measuring one or more sample properties, the
methods including selecting one of a plurality of radiation sources and
directing radiation from the selected source to be incident on the sample,
detecting radiation from the sample, and determining the one or more sample
properties based on the detected radiation. The selecting includes: (a) for
each one of the plurality of radiation sources, measuring an absorbance
spectrum of the sample by exposing the sample to radiation from the
radiation source; (b) fitting the absorbance spectra to a model for
absorbance of the sample, and determining an average fitting error for each
spectrum relative to the model; and (c) selecting the source that
corresponds to the spectrum with the smallest average fit error.
Embodiments of the methods can include one or more of the following
features. The model can be a Taylor series model. The selecting can include
normalizing each of the absorbance spectra prior to determining the average
fitting errors. The selecting can include correcting each of the absorbance
spectra to reduce spectral effects due to skin and fat layers in 



the sample prior to determining the average fitting errors. The selecting
can include determining an average value m and a standard deviation value s
related to the fitting errors, and selecting a source for which the average
fitting error determined from the absorbance spectrum corresponding to the
source is within an interval (m-3s, m+3s) . The methods can include, during
the detection of radiation from the sample, maintaining an intensity of a
detected radiation signal greater than zero and within a predetermined
range of signal intensities. Maintaining the signal intensity within a
predetermined range can include adjusting at least one of an electronic
gain of the detector and a signal acquisition time during which the
radiation is detected to control the signal intensity. Maintaining the
signal intensity within a predetermined range can include selecting a
different one of the plurality of radiation sources to direct radiation to
the sample.The methods can include transmitting to an external system
values of at least one of oxygen saturation, oxygen tension, pH, water
content, and hematocrit, where the external system is configured to control
the at least one of oxygen saturation, oxygen tension, pH, water content,
and hematocrit in a subject that includes the sample. Embodiments of the
methods can also include any of the other steps and/or features disclosed
herein, as appropriate. The various embodiments of the disclosure can
include one or more of the following advantages. In some embodiments, the
sensors disclosed herein do not use optical fibers to couple incident
radiation from illumination sources to the sample and/or to couple
scattered radiation from the sample to the detector. Typically, optical
fibers can be fragile and are subject to breakage during use. Manufacturing
optical fibers to exacting tolerances can be difficult, timeconsuming, and
expensive. Further, sensors that include optical fiber coupling of
radiation between sources, the sample, and the detector, may benefit from
periodic recalibration to account for degradation of the optical fibers
over time. The sensors disclosed herein couple radiation from sources to
the sample and from the sample to the detector through the sample, through
air, and through various bulk optical elements. These radiation propagating
media are not subject to the same manufacturing limitations, costs, and
degradation that can be typical of optical fibers. In certain embodiments,
the sensors disclosed herein include all solid-state components, including
both electronic and optical components. As a result, the components can
typically be manufactured reliably and/or cheaply, in large production runs
if necessary. Mass production of the components can yield sensors which are
inexpensive enough to be partially or completely disposable following use.
In some embodiments, for example, the sensors are attached to a body part
using an adhesive pad that is disposable. In certain embodiments, the
entire sensor is formed as a sealed one-piece unit, and is disposable after
use. In some embodiments, a portion of the sensor (e.g., a portion that
includes the long-distance illumination sources only) is disposable, while
the remainder of the sensor is reusable. In some embodiments, some or all
of the sensor's radiation sources include multiple light emitting diodes
(LEDs), and the sensor's electronic processor can adjust the integrated
output intensity of some or all of the LEDs to generate incident radiation
having selected spectral properties. For example, the intensities of some
or all of the LEDs can be adjusted tocompensate for: stronger absorption of
incident radiation at certain wavelengths than others by the sample;
variable wavelength-dependent detection efficiency in the detector; and
variable wavelength- and diode-dependent emission intensities. As a result,
the spectral properties of the incident radiation can be adjusted to
provide enhanced sensitivity in portions of the 



electromagnetic spectrum in which the sample strongly absorbs incident
radiation. Typically, the sensors include multiple LEDs that are configured
to collectively emit incident radiation having a relatively broad
bandwidth. Accordingly, the spectral detector can be configured to sample
scattered radiation at a relatively large number of wavelengths, and can
therefore provide relatively high spectral resolution. In addition, because
absorbance spectra of the sample can be determined at a relatively large
number of wavelengths, the absorbance spectra can be corrected to reduce
and/or remove spectral contributions that arise from skin and fat layers in
the sample. In certain embodiments, the sensors include a spectral detector
that includes a linear variable filter (LVF) or a variable Fabry Perot
etalon (FPE), which have relatively high temperature stability. For
example, due to the construction of the LVF, the temperature stability of
the LVF is typically higher than the temperature stability of certain other
types of spectral detectors such as grating-based systems. As a result, the
sensors disclosed herein can typically be used over a wide range of
temperatures without having to re-calibrate the detector. The sensors
disclosed herein can be portable and even wearable, and can include a
circuit board upon which are mounted sensor components including multiple
radiation sources, a spectral detector, an electronic processor, a
communication interface, and a power source. As a result, the sensors can
be worn under clothing or as part of clothing, and can be used in
environments such as during athletic training, in patient monitoring, in
rehabilitation and field medicine, and during patient transport, with
relatively little disruption or burden imposed upon the wearer. The sensors
can also be worn by animals, with comparatively little discomfort relative
to more conventional monitoring devices. Unless otherwise defined, all
technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the
present disclosure, suitable methods and materials are described below. All
publications, patent applications, patents, and other references
mentionedherein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illustrative only and
not intended to be limiting. The details of one or more embodiments are set
forth in the accompanying drawings and the description below. Other
features and advantages will be apparent from the description, drawings,
and claims. DESCRIPTION OF DRAWINGS FIGS. IA and IB are bottom and top
schematic diagrams, respectively, of an embodiment of a sensor. FIG. 1C is
a bottom schematic diagram of another embodiment of a sensor. FIG. 2 is a
schematic diagram showing a sensor attached to a surface of a sample. FIGS.
3A and 3B are views of a sensor showing the sensor housing. FIG. 4 is a
schematic diagram showing an embodiment of a detector. FIG. 5 is a
schematic diagram showing a side view of a detector that includes a
collimating element. FIG. 6A is a schematic diagram showing attachment of a
sensor to a sample with an adhesive pad. FIG. 6B is a schematic diagram
showing attachment of a sensor to a sample with a 



disposable member on which radiation sources are mounted. FIG. 7 is a
schematic diagram showing a sensor that is secured to a sample with an
adhesive patch. FIG. 8 is a schematic diagram showing a sleeve that is used
to attach a sensor to a sample. FIG. 9 is a schematic diagram showing an
embodiment of a charging cradle for a sensor. FIG. 10 is a flow chart that
shows steps in a calibration check and source selection procedure for a
sensor. FIG. 11 is a flow chart that shows steps in a measurement procedure
that uses a sensor. FIGS. 12A-D are plots of reflectance spectra for a
human test subject measured at different positions on the subject's
body.FIG. 13A is a bar chart comparing calculated values of oxygen
saturation for a test subject based on spectral reflectance measurements
performed at different locations on the subject's body, and at different
source-detector spacings. FIG. 13B is a bar chart showing Taylor series
model fitting errors associated with the values of oxygen saturation shown
in FIG. 13A. FIG. 14A is a plot showing a temporal sequence of reflectance
spectra measured for a test subject. FIG. 14B is a plot showing Taylor
series model fitting errors associated with the temporal sequence of
spectra shown in FIG. 14A. FIG. 15 is a measured spectrum of emitted
radiation from a plurality of LEDs where each LED receives the same
percentage driving current from a power source. FIG. 16 is a measured
spectrum of emitted radiation from a plurality of LEDs where some of the
LEDs receive different percentage driving currents from a power source.
FIG. 17 is a plot showing sample temperature as a function of time during
measurement of reflectance spectra from the sample. FIG. 18 is a plot
showing average gain levels determined for a sensor. FIGS. 19A-B are plots
showing measured light intensity as a function of nominal reflectance
standard for a fiber optic probe and a sensor using a long source-detector
distance. FIGS. 20A-B are plots showing measured light intensity as a
function of nominal reflectance standard for a fiber optic probe and a
sensor using a short source-detector distance. FIG. 2 1 is a plot showing
wavelength calibration curves measured using different sensor calibration
methods. FIG. 22 is a plot showing a series of reflectance spectra obtained
over time during an arterial occlusion test protocol. FIG. 23 is a plot of
oxygen saturation as a function of time derived from the reflectance
spectra of FIG. 22 during the blood occlusion test protocol. FIG. 24 is a
graph showing predicted reflected radiation intensity as a function of fat
thickness for a series of tissue phantoms. FIGS. 25A-B are plots showing
sensor-measured reflected radiation intensity as a function of fat
thickness for medium- and dark-toned tissue phantoms, respectively, using a
short source-detector spacing.FIGS. 26A-B are plots showing sensor-measured
reflected radiation intensity as a function of fat thickness for medium-
and dark-toned tissue phantoms, respectively, using a long source-detector
spacing. FIG. 27 is a plot showing fiber optic probe-measured reflected
radiation intensity as a 



function of fat thickness for medium- and dark-toned tissue phantoms using
a short sourcedetector spacing. FIG. 28 is a plot showing fiber optic
probe-measured reflected radiation intensity as a function of fat thickness
for medium- and dark-toned tissue phantoms using a long sourcedetector
spacing. FIG. 29 is a bar chart showing calculated values of muscle oxygen
saturation at different points during a test protocol for a fiber optic
probe and a sensor. FIG. 30 is a plot showing a correspondence between
known values of muscle pH in a test subject and values of muscle pH derived
from reflectance spectra measured with a sensor. FIG. 3 1 is a schematic
diagram of an embodiment of a sensor that includes short-distance and
long-distance radiation sources on opposite sides of a detector. FIG. 32 is
a schematic diagram of an embodiment of a sensor that includes
short-distance and long-distance radiation sources spaced from a detector
along different directions. FIG. 33 is a schematic diagram of an embodiment
of a sensor that includes annular radiation sources. FIG. 34 is a schematic
diagram of an embodiment of a sensor that includes one radiation source and
multiple detectors. FIG. 35 is a schematic diagram of an embodiment of a
sensor that includes multiple short-distance sources. Like reference
symbols in the various drawings indicate like elements. DETAILED
DESCRIPTION Disclosed herein are sensors and associated methods for
determining properties of samples including, in particular, human subjects.
The sensors are typically, but not exclusively, configured to measure
near-infrared absorbance or reflectance spectra from the samples, and to
calculate one or more sample parameters based on the absorbance or
reflectance spectra. The sensors are relatively small, and can include a
circuit board upon which are mounted all sensorcomponents. As a result, the
sensors are particularly amenable to prolonged wear by a human subject,
even during periods of relatively high physical stress. FIGS. IA and IB are
schematic diagrams showing bottom and top surfaces, respectively, of a
sensor 10. Sensor 10 includes a spectral detector 12, two short-distance
radiation sources 14a and 14b, and six long-distance radiation sources 16a,
16b, 16c, 16d, 16e, and 16f. Detector 12 and radiation sources 14a-b and
16a-f are mounted to circuit board 18. Each of short-distance radiation
sources 14a and 14b can include one or more packages, and each package can
include one or more elements that produce illumination radiation.
Similarly, each of long-distance radiation sources 16a-f can include one or
more packages, and each package can include one or more elements that
produce illumination radiation. While FIGS. IA and IB show an embodiment of
sensor 10 that includes two shortdistance sources 14a and 14b and six
long-distance sources 16a-f, more generally, sensor 10 can include any
number of short-distance radiation sources and any number of long-distance
radiation sources. For example, in some embodiments, sensor 10 can include
one or more shortdistance radiation sources (e.g., two or more
short-distance radiation sources, three or more short-distance radiation
sources, four or more short-distance radiation sources, five or more
short-distance radiation sources, six or more short-distance radiation
sources, eight or more short-distance radiation sources, or even more
short-distance radiation sources). In certain embodiments, sensor 10 can
include one or more long-distance radiation sources (e.g., two or 



more long-distance radiation sources, three or more long-distance radiation
sources, four or more long-distance radiation sources, five or more
long-distance radiation sources, six or more long distance radiation
sources, eight or more long-distance radiation sources, or even more long
distance radiation sources). The short- and long-distance sources in sensor
10 can be directly attached to circuit board 18. That is, the sources can
be mounted directly to circuit board 18, rather than being connected to
circuit board 18 via electrical wires or cables, or optical fibers. In some
embodiments, the short- and long-distance sources can be soldered directly
to circuit board 18 (e.g., with no spacer or other element separating the
sources and circuit board 18). In certain embodiments, the shortand
long-distance sources can also be fixedly attached to circuit board (e.g.,
mounted on circuit board 18 such that a fixed spatial relationship exists
between the sources and circuit board 18). By virtue of the fixed
attachment, the sources do not move independently of circuit board 18,
aswould occur if the sources were attached with a cable or fiber. Instead,
the sources are rigidly attached to circuit board 18 so that the position
of the sources with respect to circuit board 18 does not change. In
general, each of the short-distance and long-distance radiation sources can
include one or more packages (e.g., two or more packages, three or more
packages, four or more packages, five or more packages, six or more
packages, or even more packages). Each of the packages can include one or
more elements that produce illumination radiation (e.g., two or more
elements, three or more elements, four or more elements, or even more
elements). Further, elements that emit radiation at different wavelengths
can be positioned at different spatial locations, depending upon the sample
the detector. For example, if detector 12 is configured to resolve
different wavelengths at different spatial positions, the elements and/or
packages in some or all of the short- and long-distance sources can be
positioned to correspond directly or opposingly to the configuration of
detector 12. In some embodiments, the number of packages in some of the
short- and/or long-distance radiation sources can vary. For example,
sources that are positioned further from detector 12 can include larger
numbers of packages, to ensure that sufficient scattered radiation
intensity is measured by detector 12. In general, any of the short- and/or
long-distance sources can include any number of packages, the number of
packages being selected to ensure that the sample is sufficiently
illuminated with a desired distribution of incident radiation, and to
ensure that detector 12 obtains suitable measurements of scattered
radiation from the sample. As an example, in some embodiments, a
long-distance source that is positioned furthest from detector 12 can
include 1.5 times as many packages (e.g., 2.0 times as many packages, 2.5
times as many packages, 3.0 times as many packages, 3.5 times as many
packages, 4.0 times as many packages as a long-distance source that is
positioned nearest to detector 12. The elements within the packages of each
short- and long-distance radiation source are typically selected so that,
when the elements are activated (e.g., emitting light), the spectrum of the
light produced collectively by the elements corresponds to a desired
spectral distribution of illumination radiation. The spectral distribution
can be altered by positioning particular elements within the short- and/or
long-distance sources, so that the sample can be illuminated according to
specific spectral distributions. In some embodiments, for example, the
illumination spectrum forone or more short- and/or long-distance sources
can be selected so that measurement sensitivity of sensor 10 in particular
regions of the spectrum is enhanced, as discussed previously. As shown in
FIG. IA, the emission windows of radiation sources 14a-b and 16a-f, and the
radiation entry surface of detector 12, are exposed on the bottom surface
of sensor 10. 



Sensor 10 also includes an electronic processor 20, an optional
applications processor 22, an optional display unit 24, a power source 26,
and a communication interface 28. Processors 20 and 22, display 24, power
source 26, and interface 28 are mounted to the upper surface of circuit
board 18, as shown in FIG. IB. In some embodiments, processor 22 is not
included in sensor 10; instead, processor 22 is part of an external
computing device (e.g., a personal computer) that communicates with sensor
10 via communication interface 28, and performs some or all of the
functions of processor 22 (or processor 20) disclosed herein. In some
embodiments, some (or all) of the long-distance radiation sources can be
mounted on a separate circuit board that interfaces to circuit board 18 via
a suitable connector. FIG. 1C shows a schematic diagram of the bottom of a
sensor 10 that includes a first circuit board 18 and a second circuit board
19. First circuit board 18 includes detector 12 and two short-distance
sources 14a-b. Second circuit board 19 includes five long-distance sources
16a-e. A connector 2 1 connects the first and second circuit boards, and
permits communication (e.g., exchange of data and control signals) between
the circuit boards. Typically, for example, processor 20 (and, optionally,
processor 22) are located on first circuit board 18, and communicate with
long-distance sources 16a-e via connector 21. In certain embodiments, power
source 26 is mounted on first circuit board 18, and can also communicate
with sources 16a-e via connector 21. Power source 26 can include, for
example, a rechargeable battery. In some embodiments, power source 26 can
include a disposable battery. In the embodiment shown in FIG. 1C for
example, the disposable battery can be positioned on or connected to first
circuit board 18. Alternatively, the disposable battery can be positioned
on or connected to second circuit board 19. If second circuit board 19 is a
disposable circuit board, the battery can be disposed of at the same time
as second circuit board 19. FIG. 2 shows a schematic diagram of sensor 10
mounted on a sample 30. Sample 30 includes one or more layers of skin 32, a
subcutaneous layer of fat 34, and underlying muscle tissue 36. Sensor 10 is
configured to interrogate muscle tissue 36 by directing radiation
38,generated by at least one (e.g., all) of radiation sources 14a-b and at
least one of the radiation sources 16a-f, to be incident on muscle tissue
36. Scattered radiation 40 is received and analyzed by detector 12 (not
shown) to determine a spectrum of the scattered radiation. The scattered
radiation spectrum is then processed by electronic processor 20 and/or
processor 22 (not shown) to determine an absorbance spectrum of muscle
tissue 36. Based on the absorbance spectrum, electronic processor 20 and/or
22 can determine one or more properties of sample 30 (and in particular, of
muscle tissue 36 within sample 30). In general, the scattered radiation
spectrum measured by detector 12, which typically includes
wavelength-dependent information about scattered radiation from sample 30,
can be converted by an electronic processor to an absorbance spectrum of
muscle tissue 36 using wellknown methods. As noted previously, in the
following discussion, reference is made to absorbance spectra of samples
such as sample 30. However, the apparatus and methods disclosed herein can
also be used to derive reflectance spectra from measured scattered
radiation; reflectance and absorbance are related by a simple mathematical
transformation. Methods for converting spectral scattered radiation
information into reflectance and absorbance spectra for a sample are
disclosed, for example, in U.S. Patent Application Publication No. US
2008/0097173. In addition to converting scattered radiation information
into absorbance and/or reflectance spectra, processor 20 and/or 22 can be
configured (e.g., using calibration equations 



and/or data stored in memory units, magnetic storage units, and/or optical
storage units) to analyze absorbance spectra to obtain measurements of
physiologically important parameters for sample 30. In general, processor
20 and/or 22 can be configured to perform any of the analysis steps that
are discussed herein. In some embodiments, one or more absorbance spectra
for sample 30 can be analyzed to determine pH (e.g., muscle tissue pH) in
the sample. Systems and methods for determining tissue pH are disclosed,
for example, in U.S. Patent No. 5,813,403 entitled "Optical Measurement of
Tissue pH," the entire contents of which are incorporated herein by
reference. In certain embodiments, one or more absorbance spectra for
sample 30 can be analyzed to determine blood hematocrit in the sample.
Systems and methods for determining blood hematocrit are disclosed, for
example, in U.S. Patent No. 6,006,1 19 entitled "Noninvasive Optical
Measurement of Blood Hematocrit," the entire contents of which are
incorporated herein by reference.In some embodiments, one or more
absorbance spectra for sample 30 can be analyzed to determine quantities
such as hemoglobin concentration, and/or water content, and/or oxygen
tension and/or tissue oxygen saturation. Systems and methods for
determining these quantities are disclosed, for example, in U.S. Patent
Application Publication No. US 2008/0097173, and in U.S. Patent No.
6,766,188, the entire contents of each of which are incorporated herein by
reference. In certain embodiments, one or more absorbance spectra for
sample 30 can be analyzed to determine quantities such as anaerobic
threshold and/or metabolic rate (e.g., oxygen consumption rate) in the
sample. Systems and methods for determining these quantities are disclosed,
for example, in U.S. Patent Application Serial No. 12/172,942, entitled
"Physical Performance Monitoring and Monitors," filed on July 14, 2008, the
entire contents of which are incorporated herein by reference. In some
embodiments, one or more absorbance spectra for sample 30 can be analyzed
to determine additional quantities such as a temperature of a tissue of
interest within sample 30. In addition, processor 20 and/or 22 can include
a hardware-based temperature monitor that effectively monitors a
temperature of the sample surface to which sensor 10 is attached, for
example. Typically, sensor 10 includes a housing that encloses components
such as circuit board 18, and which also includes apertures that permit
radiation generated by the short- and longdistance sources to emerge from
the housing, and permit scattered radiation from the sample to be incident
on detector 12. FIGS. 3A and 3B show bottom and top views, respectively, of
a sensor 10 that includes a housing 11. Apertures formed in the bottom
surface of housing 11 expose long-distance sources 16a-e, short-distance
sources 14a-b, and detector 12, as shown in FIG. 3A. Apertures 17a and 17b,
formed in a side surface of housing 11, permit connection to communication
interface 28 and power source 26, respectively. Loops 15 admit a fastener
such as a strap (e.g., a Velcro(tm) strap or another type of strap) to
secure housing 11 to a sample (e.g., an arm or leg of a subject).
Typically, the dimensions of sensor 10 are smaller than corresponding
dimensions of conventional spectral devices. With reference to FIG. 3B, the
housing of sensor 10 includes a bottom surface that has a maximum dimension
L, a maximum width W measured in a directionperpendicular to the maximum
dimension L, and a thickness T measured in a direction perpendicular to
both the maximum dimension L and the maximum width W. The dimensions L,W,
and T of sensor 10 can vary according to the various components 



included in sensor 10 (e.g., numbers and spatial positions of radiation
sources, processors, display unit, power source). In the embodiment shown
in FIGS. 3A and 3B, the dimensions L, W, and T are approximately 110 mm, 55
mm, and 20 mm, respectively. In general, however, the dimensions L, W, and
T of sensor 10 can differ in various embodiments. In some embodiments, the
maximum dimension L can be 15 mm or more (e.g., 20 mm or more, 30 mm or
more, 40 mm or more, 50 mm or more, 60 mm or more, 70 mm or more, 80 mm or
more) and/or 150 mm or less (e.g., 140 mm or less, 130 mm or less, 120 mm
or less, 110 mm or less, 100 mm or less, 90 mm or less). In certain
embodiments, the maximum width W can be 10 mm or more (e.g., 15 mm or more,
20 mm or more, 25 mm or more, 30 mm or more, 35 mm or more, 40 mm or more)
and/or 75 mm or less (e.g., 70 mm or less, 65 mm or less, 60 mm or less, 55
mm or less, 50 mm or less, 45 mm or less). In some embodiments, the
thickness T can be 5 mm or more (e.g., 10 mm or more, 15 mm or more, 20 mm
or more) and/or 30 mm or less (25 mm or less). Typically, sensor 10 is
sufficiently thin (e.g., thickness T is sufficiently small) so that sensor
10 can be comfortably worn by a human or animal subject without causing
undue discomfort. For human subjects, such sensors can comfortably be worn
underneath clothing, for example. Detector 12 is a spectral detector
configured to analyze input radiation as a function of wavelength. In
certain embodiments, for example, detector 12 can include a linear variable
filter or a variable Fabry Perot etalon (FPE) coupled to a radiation
detector such as a linear photodiode array, a charge coupled device (CCD)
or a complementary metal oxide semiconductor (CMOS) device. FIG. 4 is a
schematic diagram of a detector 12 that includes a linear variable filter
(LVF) 54 coupled to a linear array CCD detector 50. LVF 54 is essentially a
wedged bandpass filter, and includes mirror layers 42 and 44, a spacer
layer 46, and a substrate 48, which collectively function as an etalon or
interference bandpass filter. Radiation 52 (e.g., collimated radiation) is
incident on detector 12 along the z-direction shown in FIG. 4. The design,
operation and function of bandpass interference filters and variable
bandpass filters, such as LVFs, are disclosed, for example, in the
"Interference Filter Handbook," published by JDS Uniphase (Second Edition),
the entire contents of which are incorporated herein by reference.In some
embodiments, detector 12 has a length, measured in the direction of the
width W of sensor 10, of 2 mm or more (e.g., 4 mm or more, 6 mm or more, 8
mm or more, 10 mm or more, 12 mm or more) and/or 20 mm or less (e.g., 18 mm
or less, 16 mm or less, 14 mm or less). In certain embodiments, detector 12
has a thickness, measured in the direction of the thickness T of sensor 10,
of 0.1 mm or more (e.g., 0.2 mm or more, 0.3 mm or more, 0.5 mm or more,
1.0 mm or more, 2.0 mm or more) and/or 5.0 mm or less (e.g., 4.0 mm or
less, 3.0 mm or less, 2.5 mm or less). In some embodiments, detector 12 has
a width, measured in the direction of the length L of sensor 10, of 1.0 mm
or more (e.g., 1.5 mm or more, 2.0 mm or more, 2.5 mm or more) and/or 4.0
mm or less (e.g., 3.5 mm or less, 3.0 mm or less). Devices such as LVFs,
FPEs, and CCD detectors are generally robust and do not appreciably degrade
over time. As a result, the spectral properties of these devices typically
remain relatively constant, obviating the need to perform re-calibration of
detector 12 over time. In addition, LVFs, FPEs, and CCD detectors are
relatively stable under the influence of temperature fluctuations.
Typically, the layers of LVF 54 are formed of various amorphous or
crystalline materials, which do not appreciably expand or contract with
modest changes in temperature. As a result, the spectral filtering
properties of LVF 54 remain relatively unchanged 



for modest temperature changes, and detector 12 does not typically have to
be calibrated for variable temperature operation. In general, detector 12
can include various types of spectral detectors. For example, detector 12
can include detectors that include a radiation sensitive element (e.g.,
photodiode array and/or CCD and/or CMOS device) coupled to a
wavelength-dispersive element such as one or more diffraction gratings
and/or prisms. In addition, detector 12 can include other types of
dispersive and/or filtering elements (e.g., diffractive optical elements,
liquid crystal-based filters, bandpass filters, tunable etalons) that are
used to provide wavelength-sensitive detection and/or analysis of incoming
radiation. In certain embodiments, a full width at half maximum (FWHM)
spectral resolution of detector 12 is 10.0 nm or less (e.g., 8.0 nm or
less, 6.0 nm or less, 5.0 nm or less, 4.0 nm or less, 3.0 nm or less, 2.0
nm or less, 1.0 nm or less, 0.5 nm or less, 0.25 nm or less). In general,
the FWHM spectral resolution depends upon the number of active detector
elements (e.g., pixels on a CCD detector) and the wavelength-dispersing
ability of the optical elements in the detector.In some embodiments, sensor
10 can include one or more optical elements that are configured to
effectively control the range of angles at which scattered radiation is
incident on detector 12 from sample 30. For example, FIG. 5 shows a sensor
10 that includes a collimating element 56 attached to a surface of detector
12 (e.g., the surface of detector 12 that receives scattered radiation from
sample 30). Detector 12 can include, for example, a LVF, and collimating
element 56 can be attached directly to the LVF. Detector 12 can also
include, for example, a CCD detector coupled to the opposite surface of the
LVF. The entire assembly - collimating element 56, the LVF, and the CCD
detector - can be mounted on circuit board 18, as shown in FIG. 5.
Collimating element 56 functions to collimate scattered radiation 40 from
sample 30 to control the range of angles at which the scattered radiation
is incident on detector 12. The spectral bandpass properties of LVF 54,
such as a FWHM spectral width and/or shape of a spectral passband of LVF
54, depend upon the angle of incidence of incoming radiation. In
particular, variations in the angle of incidence of the scattered radiation
on LVF 54 can result in blue-shifting of the passband wavelength at one or
more positions along CCD detector 50, and/or loss of spectral resolution
(e.g., increase of passband width) in LVF 54. By controlling the range of
angles of incidence via collimating element 56, the spectral properties of
detector 12 can be reproducible over relatively long periods of use. In
general, a variety of different collimating elements 56 can be used in
sensor 10. Exemplary collimating elements include fiber faceplates (e.g.,
fiber optic windows), collimating hole devices, gradient index (GRIN)
lenses, fiber bundles, lens arrays, optical windows (including shaped
optical windows), and other similar devices. Sensor 10 typically includes a
plurality of radiation sources. In some embodiments, some or all of the
radiation sources include light emitting diodes (LEDs). Some (or all) of
the radiation sources of sensor 10 can provide relatively broad bandwidth
incident radiation for illuminating sample 30. To provide such radiation,
the radiation sources can include one or more LEDs. For example, in certain
embodiments, some radiation sources can include a single broadband LED. In
some embodiments, certain radiation sources can include multiple LEDs. The
multiple LEDs can each emit radiation having different central wavelengths
and/or spectral bandwidths. In some embodiments, some of the multiple LEDs
can emit radiation having the same central wavelength and/or bandwidth.In
the embodiment shown in FIG. IA, for example, each of sources 14a-b and
16a-f includes six LEDs having central emission wavelengths of 735 nm, 780
nm, 810 nm, 850 nm, 



890 nm, and 940, respectively. The six LEDs together can be powered to
deliver up to approximately 500 mW of total radiation power, depending upon
the method used to drive/power the LEDs. In the embodiment shown in FIG.
IA, the LEDs are custom packaged as surfacemount technology devices with a
width of about 2 mm. Each package can be configured to hold up to three LED
dies (the radiation-emitting elements). The six LEDs are distributed among
two LED packages; one package includes three LED dies, and the other
includes two LED dies. The LEDs are typically powered by a regulated supply
of between 3.5V and 5V from power source 26. In some embodiments, power
source 26 can be a transformer block, for example, that delivers 6 V or
more. In some embodiments, any one or more of radiation sources 14a-b and
16a-f can include other types of radiation emitting elements. For example,
the radiation sources can include incandescent (e.g., tungsten filament)
lamps. Suitable lamps include, for example, Gilway models T-I and T-I 1A,
available from International Light Technologies (Peabody, MA). These lamps
have relatively low operating voltage (5 V), operating current (0.06 A),
and can provide up to 200,000 hours of operation. In addition, the lamps
can be operated at 3.5 V with relatively minor reductions in near-infrared
radiation output, and with relatively large increases in stability and
lifetime. Similar lamp models are also available, for example, from
companies such as Welch Allyn (Skaneateles Falls, NY). In general, some or
all of the radiation sources of sensor 10 can include any number of
radiation emitting elements (e.g., LEDs, tungsten lamps). In some
embodiments, for example, radiation sources can include one or more
radiation emitting elements (e.g., two or more radiation emitting elements,
three or more radiation emitting elements, five or more radiation emitting
elements, seven or more radiation emitting elements, nine or more radiation
emitting elements). In some embodiments, the number of radiation emitting
elements in some of the shortand/ or long-distance radiation sources
(and/or some of the packages within the short- and/or long-distance
radiation sources) can vary. For example, sources that are positioned
further from detector 12 can include packages with larger numbers of
radiation emitting elements, to ensure that sufficient scattered radiation
intensity is measured by detector 12. In general, any of thepackages of the
short- and/or long-distance sources can include any number of radiation
emitting elements, the number of elements being selected to ensure that the
sample is sufficiently illuminated with a desired distribution of incident
radiation, and to ensure that detector 12 obtains suitable measurements of
scattered radiation from the sample. When some or all of the radiation
sources of sensor 10 include multiple radiation emitting elements,
electronic processor 20 can be configured to adjust the radiation emitting
elements to control the properties of the output radiation produced by the
multiple elements. In particular, for example, when certain radiation
sources of sensor 10 include multiple LEDs, processor 20 can control the
emitted radiation intensity from each of the individual LEDs to control the
overall distribution of radiation produced by the sources. Control of the
emitted radiation intensity can be achieved, for example, through a
digital-to-analog converter (DAC) which converts a digital control signal
from processor 20 and/or 22 into an analog control voltage applied to a
given radiation source element. With a DAC of suitable resolution (e.g.,
14-bit), relatively fine control over emission intensities of individual
LEDs can be achieved, and continuous-wave emission can be implemented.
Alternatively, in some embodiments, direct digital control of individual
LEDs can be 



achieved via pulse width modulation (PWM) of the LEDs by processor 20
and/or 22. Pulse width modulation provides a modulated (e.g., pulsed) LED
output. Under PWM control, the integrated intensity of LED output over a
selected temporal window is controlled, from a maximum value (always on) to
zero (always off), as defined by the duty cycle of the modulated signal.
Emission intensities between these limits are realized by high frequency
pulsing of the LEDs by processor 20 and/or 22. By controlling the rate at
which pulses are emitted by the LEDs, the duty cycle of the LEDs can be
adjusted. For example, to reduce the emission intensity of a particular LED
from its maximum value to a half-maximum value, the duty cycle of the LED
is reduced to 50%. In certain embodiments, the emission intensities of
individual LEDs are fixed. That is, suitable emission intensities for each
of the LEDs are determined based on a particular measurement application,
and the current supplied to each of the LEDs to achieve the desired
intensity output for each is determined (as discussed further in Example
3). After suitable driving currents for each LED have been determined,
resistors can be introduced into the driving circuit for each of the LEDs
to maintain an appropriate drive current for each LED. Thedetermination of
suitable drive currents (and resistors) for a particular selection of LEDs
can be made once using a calibration sensor, and subsequent sensors built
using the same combination of LEDs can include the set of pre-determined
resistors; separate calibration of each sensor is not required. Processor
20 and/or 22 can be configured to control the emitted radiation intensity
from multiple radiation emitting elements for a variety of reasons. For
example, in certain embodiments, the intensities of some of the radiation
emitting elements may be higher than the intensities of others. By
controlling (e.g., reducing) the intensities of certain radiation emitting
elements, the spectral profile of illumination radiation directed to a
sample can be made more uniform, for example, or can be modified so that
the spectral profile more generally assumes a desired (and known) shape. By
using illumination radiation with a known shape, it can be easier to
identify spectral features of interest, for example, in measured scattered
radiation from the sample. As another example, in some embodiments, the
sensitivity of detector 12 to incident radiation can vary as a function of
the wavelength of the radiation. Accordingly, the spectral profile of the
illumination radiation can be selected to reduce or remove spectral
features in measured scattered radiation spectra that arise from such
variations in detector sensitivity. As above, selecting the spectral
profile of the illumination radiation can include increasing and/or
decreasing emitted radiation intensity from certain radiation emitters
relative to other radiation emitters under the control of processor 20
and/or 22. As a further example, in some embodiments, the sample (e.g.,
sample 30) can include moieties that absorb incident radiation at one or
more well-known wavelengths. To enhance a signal-to-noise ratio in measured
scattered radiation (and even, to enable measurement of scattered radiation
at the wavelengths of absorption), the emission intensities of certain
radiation emitters can be increased and/or decreased relative to other
radiation emitters. In particular, emission intensities of radiation
emitters that emit radiation that falls within absorption bands can be
increased relative to emission intensities of other emitters (or the
intensities of the other emitters can be decreased relative to the emission
intensities of the emitters that emit within the absorption bands).
Typically, for example, each radiation source of sensor 10 emits radiation
that includes 



multiple radiation wavelengths. In some embodiments, a FWHM spectral
bandwidth of theemitted radiation from each source is 10 nm or more (e.g.,
15 nm or more, 20 nm or more, 50 nm or more, 100 nm or more, 200 nm or
more, 300 nm or more, 400 nm or more, 500 nm or more, 700 nm or more). The
usable range of the radiation emitted by each source can be determined by a
transmission range of detector 12. In certain embodiments, for example,
detector 12 includes a LVF with a transmission range of from 600 nm to 1100
nm. The usable range of the emitted radiation can also depend, in some
embodiments, on the spectral response of a detector coupled to the
wavelength dispersive element in detector 12. For example, photodiode
arrays, CCD arrays, and CMOS arrays that are formed of silicon typically
have a usable spectral response that reaches an upper limit at about 1100
nm. Detectors formed of other materials can be used to measure sample
responses at even longer wavelengths. In general, each radiation source of
sensor 10 emits radiation having a central wavelength. The central
wavelength of emitted radiation from each source can be between 600 nm and
1100 nm (e.g., between 650 nm and 1050 nm, between 700 nm and 1000 nm,
between 750 nm and 1000 nm, between 800 nm and 1000 nm, between 800 nm and
1100 nm). Each radiation source (e.g., sources 14a-b and 16a-f) includes
one or more radiation emitters such as LEDs and/or tungsten filaments. The
radiation emitters can all emit at the same central emission wavelength, or
some of the emitters can emit at different wavelengths. Alternatively, or
in addition, the radiation emitters can all have different FWHM emission
bandwidths, or at least some of the emitters can have the same bandwidths.
In general, each emitter emits radiation having a central emission
wavelength between 600 nm and 1100 nm (e.g., between 650 nm and 1050 nm,
between 700 nm and 1000 nm, between 750 nm and 1000 nm, between 800 nm and
1000 nm, between 800 nm and 1100 nm). Typically, for example, each emitter
has a FWHM emission bandwidth of 3 nm or more (e.g., 5 nm or more, 10 nm or
more, 15 nm or more, 20 nm or more, 30 nm or more, 40 nm or more, 50 nm or
more, 60 nm or more, 80 nm or more, 100 nm or more, 150 nm or more, 200 nm
or more). Sensor 10 includes both short-distance sources 14a-b and
long-distance sources 16a-f. Short-distance sources are positioned at a
distance s from detector 12, measured along the direction as shown in FIG.
IA. Typically, for example, s is about 2.5 mm. In general, however, s can
be 0.5 mm or more (e.g., 1.0 mm or more, 1.5 mm or more, 2.0 mm or more,
2.5 mm or more, 3.0 mm or more, 4.0 mm or more, 5.0 mm or more) and/or 10.0
mm or less (e.g., 9.0 mm or less, 8.0 mm or less, 7.0 mm or less, 6.0 mm or
less).As shown in FIG. IA, in certain embodiments, sensor 10 includes two
short-distance sources 14a-b. The number of short-distance sources is
typically selected to ensure that detector 12 is relatively uniformly
illuminated with scattered radiation from a sample when short-distance
sources are used to illuminate the sample. Accordingly, in general, sensor
10 can include one or more short-distance sources. For example, in some
embodiments, sensor 10 can include from zero to four short-distance sources
positioned on one side of detector 12. From zero to four short-distance
sources can also be positioned on the other side of detector 12. Each of
the sources can include one or more packages, as discussed previously, and
each of the packages can include one or more radiation emitting elements.
In certain embodiments - for example, where sensor 10 has an extended
length L - the number of short-distance sources on each side of detector 12
can be even greater (e.g., five or more, six or more, seven or more, eight
or more, nine or more, ten or more). Sensor 10 also includes a plurality of
long-distance sources 16a-f. In some embodiments, as shown in FIG. IA,
sensor 10 includes six long-distance sources 16a-f. The depth to which 



incident radiation from a particular radiation source penetrates a sample
and generates detected scattered radiation from a tissue of interest
therein is generally related to a linear distance between the radiation
source and the detector. Each of the long-distance sources of sensor 10
therefore generally corresponds to interrogation of the sample to a certain
depth below the sample surface. Typically, an appropriate long-distance
source is selected to illuminate muscle tissue 36 in sample 30 by selecting
a long-distance source that produces radiation that can penetrate through
overlying layers to sufficiently illuminate muscle tissue 36 below the
surface of sample 30 so that reflected light from the muscle can be
adequately measured by detector 12. Sensor 10 can, in general, include any
number of long-distance sources to enable measurement of tissues at a
variety of depths below the surface of a sample. In certain embodiments,
for example, sensor 10 can include one or more long-distance sources (e.g.,
two or more long distance sources, three or more long-distance sources,
four or more long-distance sources, five or more long-distance sources,
seven or more long-distance sources, nine or more long-distance sources, or
even more long-distance sources). All of the long-distance sources can be
positioned at different distances measured along the x-direction from
detector 12, as shown in FIG. IA, or at least some of the sources can be
positioned at the same distance from detector 12.Typically, a shortest
distance between any of the long-distance sources and detector 12 is d, as
shown in FIG. IA. Each of the short-distance sources is positioned at a
distance less than d from detector 12, and each of the long-distance
sources is positioned at a distance of d or more from detector 12, the
distances being measured in the x-direction. In some embodiments, d is 5 mm
or more (e.g., 6 mm or more, 8 mm or more, 10 mm or more, 12 mm or more, 14
mm or more, 16 mm or more, 18 mm or more, 20 mm or more, 22.5 mm or more,
25 mm or more, 27.5 mm or more, 30.0 mm or more, 35.0 mm or more, 40 mm or
more, 50 mm or more). Referring again to FIG. IA, in some embodiments, a
spacing h between each of the longdistances sources is the same, so that
each successive long-distance source is displaced from detector 12 by an
additional distance increment h. In the embodiment shown in FIG. IA, for
example, the six long-distance sources 16a-f are positioned at distances of
25 mm, 30 mm, 35 mm, 40 mm, and 45 mm from detector 12, respectively,
measured along the x-direction. In certain embodiments, the spacings
between each of the long-distance sources are not all the same. For
example, sensor 10 can include a first group of long-distance sources and a
second group of long-distance sources, where each member of the first and
second groups is positioned relatively closely to other members of the same
group, but relatively farther away from sources in the other group. In
general, the spacing h between any two long-distance radiation source
elements can be 0.5 mm or more (e.g., 1.0 mm or more, 2.0 mm or more, 3.0
mm or more, 4.0 mm or more, 5.0 mm or more, 7.5 mm or more, 10.0 mm or
more, 12.5 mm or more, 15.0 mm or more, 17.5 mm or more, 20.0 mm or more,
30.0 mm or more, 40.0 mm or more, 50.0 mm or more, 60.0 mm or more, 70.0 mm
or more, 100 mm or more, 150 mm or more, or even more). Typically,
short-distance sources are spaced from detector 12 by a distance s,
measured along the x-direction as shown in FIG. IA. In general, the spacing
s can be 0.5 mm or more (e.g., 1.0 mm or more, 2.0 mm or more, 3.0 mm or
more, 4.0 mm or more, 6.0 mm or more, 8.0 mm or more, 10.0 mm or more, 15.0
mm or more, 20.0 mm or more, or even more). When multiple short-distance
sources are implemented in sensor 10, the multiple short-distance sources
can be evenly spaced along the x-direction, or the spacings between some or
all short-distance sources can differ. In general, the spacing between any
two short-distance sources can be 0.5 



mm or more (e.g., 1.0 mm or more, 2.0 mm or more, 3.0 mm or more, 4.0 mm or
more, 6.0 mm or more, 8.0 mm or more, 10.0 mm or more, 15.0 mm or more,
20.0 mm or more, or even more).In some embodiments, circuit board 18 can be
flexible and can deform when attached to the surface of a sample, assuming
a shape that is at least partially complementary to a shape of the sample.
In certain embodiments, for example, circuit board 18 can be a flex circuit
board. In some embodiments, circuit board 18 can be formed of one or more
deformable materials such as one or more flexible plastic materials. In
certain embodiments, circuit board 18 can be relatively rigid and resistant
to deformation. Circuit board 18 can be formed of certain types of rigid
plastic materials, for example, which remain relatively rigid to ensure
that distances between various sensor radiation sources and detector 12 are
not significantly distorted by deformation of circuit board 18. In some
embodiments, circuit board 18 can be formed so that deformation of the
circuit board along one direction - the x-direction in FIG. IA - does not
readily occur during use. As a result, the relative distances between
detector 12 and the short- and long-distance sources can be maintained,
ensuring that accurate and reproducible correction of the measured spectra
to reduce the effects of overlying skin and fat layers can be performed. In
addition, however, circuit board 18 can deformed at its edges to conform to
the shape of a sample (e.g., an arm or leg of a subject), so that sensor 10
can be comfortable and unobtrusively worn by the subject. In some
embodiments, circuit board 18 is formed of two different circuit board
components. A first, relatively rigid component corresponds to a mounting
member to which the various components of sensor 10, including processors,
radiation sources, detectors, power sources, interfaces, and displays are
attached. A second, relatively flexible component is attached to the first
component and also contacts the sample. By using a two-part construction,
sensor 10 ensures that distances between the various radiation sources and
detector 12 remain relatively constant during use, but also assumes at
least partially a shape complementary to a surface of the sample to which
the sensor is attached. In certain embodiments, sensor 10 can be attached
to sample 30 via an adhesive element such as adhesive pad or layer. FIG. 6A
shows a schematic diagram of a sensor 10 that is attached to sample 30 with
an adhesive layer 58. Adhesive layer 58 is positioned between sensor 10
(e.g., a bottom surface of housing 11) and a surface of sample 30. In some
embodiments, layer 58 can be formed by a paste or another similar substance
that can be applied to the surface of a sample and/or to the bottom surface
of sensor 10 to affix sensor 10 to the sample.In some embodiments, adhesive
layer 58 can be disposable, and can form a portion of a two-layer sensor
10. For example, as shown in FIG. 6B, sensor 10 can include a first
nondisposable portion that includes circuit board 18 and components mounted
thereon enclosed in housing 11, and a second disposable portion that
includes adhesive layer 58 (and, possibly, other layers). Following use,
the disposable portion of sensor 10 can be discarded and the nondisposable
portion retained for future use. Adhesive layer 58 can be implemented as a
flexible material on which some of the radiation sources (e.g., the
long-distance sources) are mounted. Short-distance sources can be mounted
on circuit board 18 and enclosed within housing 11. When layer 58 is
disposed of following use, the short-distance sources are retained within
housing 11. A new layer 58 can be attached to housing 11 prior to using
sensor 10 to make additional measurements. Adhesive layer 58, positioned
between housing 11 and sample 30, is at least partially transmissive to
near-infrared radiation. For example, when the sensor of FIG. 6 is in use,
radiation generated by one or more radiation sources of sensor 10 passes
through adhesive layer 



58 and is incident on sample 30. Scattered radiation from sample 30 also
passes through adhesive layer 58 before being incident on detector 12. In
certain embodiments, layer 58 can be implemented as a multilayer structure.
For example, layer 58 can include two layers: a first layer that is
relatively inflexible and that supports some or all of the components of
sensor 10 (e.g., radiation sources, processors, detectors, and other
circuitry), and a second layer that contacts the first layer and is also
configured to contact the sample. The second layer can be an adhesive
layer, and can be flexible so that the second layer deforms to match the
surface of the sample when applied to the sample. Many different materials
can be used to form the first and second layers. For example, the first
layer can include one or more metals, plastics (e.g., high-density
plastics), polymer materials, and paper- and/or wood-based materials (e.g.,
fiberboard). The second layer can include one or more plastic materials,
polymer materials, rubber, latex, gels, and other types of flexible
materials. A variety of different disposable and non-disposable
configurations are possible. In some embodiments, for example, both the
first and second layers are disposable (e.g., all of sensor 10 is
disposable). In certain embodiments, neither layer is disposable. Further
still, in some embodiments, one of the layers (e.g., the second layer) is
disposable, while the other layer (e.g.,the first layer) is not. Typically,
in a two-layer structure, at least portions of both the first and the
second layers are at least partially transmissive to near-infrared
radiation, as discussed above, or include a window positioned in the layers
to allow near-infrared radiation to pass through the layers. In some
embodiments, as shown in FIG. 7, sensor 10 can be attached to sample 30
with an adhesive patch 60. Adhesive patch 60 includes adhesive portions 62a
and 62b which adhere to a surface of sample 30, maintaining contact between
sensor 10 and the surface of sample 30 as a result. Adhesive patch 60 can
be at least partially transmissive to wireless communication signals
transmitted by communication interface 28. In some embodiments, sensor 10
can be completely disposable. Following attachment of sensor 10 to sample
30, measurement of one or more absorbance spectra, and calculation of one
or more properties of sample 30, sensor 10 can be detached from the sample
and discarded. In some embodiments, a portion of sensor 10 can be
disposable. For example, referring to FIG. 1C, sensor 10 can include a
first circuit board 18 that includes detector 12 and the shortdistance
sources, and a second circuit board 19 that includes the long-distance
sources. Second circuit board 19 can be a disposable circuit board.
Following use of sensor 10, second circuit board 19 (including the
long-distance sources) can be detached from first circuit board 18 and
discarded, while first circuit board 18 is retained for subsequent use. In
certain embodiments, most or all of the electronic components can be
positioned on the disposable portion of sensor 10. For example, sensor 10
can include a disposable circuit board, to which both short- and
long-distance sources are attached, along with a processor (e.g., processor
20 and/or 22), electronic memory, a power source (e.g., a disposable
battery), and/or other electronic components disclosed previously.
Following use of sensor 10, the disposable circuit board and all of the
attached electronic components can be discarded, and the remaining portion
of sensor 10 can be retained for subsequent use. In certain embodiments,
sensor 10 can be attached to a sample with a complementary sleeve. FIG. 8
shows a schematic view of a sleeve 64 that is attached to a surface of
sample 30. For example, sleeve 64 can be attached to an arm or leg of a
patient who is exercising or 



performing aerobic activity, or receiving medical treatment. Sleeve 64
includes an internal pocket 68 that is dimensioned to accommodate a sensor.
Sensor 10 can be attached to sample 30 by inserting sensor 10 into pocket
68 along the directionshown by arrow 66. Typically, sleeve 64 is formed
from a flexible material such as a plastic material. At least a portion of
sleeve 64 (e.g., lower portion 70) can be at least partially transmissive
to radiation generated by one or more radiation sources of sensor 10 and/or
to wireless communication signals generated by communication interface 28.
During operation, incident radiation from the one or more sources passes
through lower portion 70 of sleeve 64 and into sample 30. Scattered
radiation from sample 30 passes through portion 70 before being incident on
detector 12. Sensor 10 includes power source 26. In some embodiments, for
example, power source 26 can be a connector (e.g., a plug) that receives
power from an external source, such as a hospital or treatment center power
source and/or a conventional wall socket, which can include a transformer
block. In certain embodiments, power source 26 can be a connector such as a
conventional power connector or a USB connector that connects to an
external processing device such as a computer. Sensor 10 can be configured
to receive electrical power from the external processing device through the
connector. Power source 26 can also generally include various types of
electronic power conditioning devices such as transformers, resistors,
capacitors, inductors, transistors, and other circuit elements. In certain
embodiments, power source 26 can be a self-contained power source such as a
battery, a photo-voltaic cell, a fuel cell, or another type of stand-alone
source. Suitable battery types for power source 26 include, for example,
nickel metal hydride batteries, lithium ion batteries, and solid
electrolyte (primary) batteries. In some embodiments, power source
batteries can be rechargeable, and can be recharged when sensor 10 is not
in use. In certain embodiments, power source batteries can be disposable
batteries of various types. In certain embodiments, power source 26 can
include a connector that connects to a portable power source such as a
battery that is worn by a patient (e.g., worn on an arm or leg of a
patient, or attached via one or more straps to a patient). This arrangement
may allow for the use of sensor 10 with a larger, higher-capacity battery
than would otherwise be available if the battery was attached directly to
circuit board 18. In some embodiments, power source 26 can include a
replaceable battery similar to, for example, a mobile phone battery. Sensor
10 can include a connector which mates with a portion of the replaceable
battery to enable the battery to supply electrical current to components
attached to circuit board 18. The connector can form a portion of a cradle
which supports thereplaceable battery. One replaceable battery can then be
easily exchanged for another, for example, by removing the old battery and
sliding the new battery into the cradle. In certain embodiments, when power
source 26 includes a rechargeable component such as a battery, a charging
cradle can be configured to support sensor 10 while the rechargeable
component is charged. FIG. 9 shows a schematic diagram of a charging cradle
72 that includes a support member 76 and a power connector 74. Support
member 76 includes vertical grooves into which the edges of sensor 10 are
accommodated, maintaining sensor 10 in a relatively fixed position with
respect to charging cradle 72. Power connector 74 engages with a mating
connector on power source 26 of sensor 10; power source 26 is typically a
rechargeable battery, for example. Power is supplied through power
connector 74 to power source 26 to recharge power source 26. Cradle 72 can
include, for example, power-limiting circuits that sense when power source
26 is nearing a full-charge condition, and which then restrict the flow of
power to 



power source 26 to prevent over-charging. Sensor 10 includes electronic
processor 20, and optionally includes one or more additional applications
processors (e.g., applications processor 22). The processors generally
coordinate all sensor functions, including directing radiation sources to
produce incident radiation, directing detector 12 to receive and analyze
scattered radiation, and performing a variety of mathematical operations on
data received from detector 12. The processors are also generally
responsible for delivering control signals to various sensor components,
receiving status signals from sensor components, monitoring the delivery of
operating power to sensor components and the supply of power from power
source 26, sending data to display 24 to be displayed, and transmitting and
receiving communications signals to external devices via communication
interface 28. If sensor 10 includes one or more applications processors 22,
some of these functions can be provided by the applications processors. In
particular, the applications processors can be configured to perform
mathematical operations on data received from detector 12 to derive one or
more sample properties from the data, as discussed previously. In general,
processor functions can be distributed among various processors as desired;
the main criteria which generally govern the distribution of processor
functions include maintaining relatively efficient sensor operation where
possible without significant processor-related lags, and keeping power
consumption relatively low (by keeping processor clock rates relatively low
and avoiding the use of cooling devices, for example).In general, the
methods disclosed herein are performed by processor 20 and/or one or more
applications processors 22. In particular, any of the configuration,
control, or analysis steps can be performed automatically by one or more
processors of sensor 10. Processor 20 and/or one or more applications
processors 22 can be configured to measure absorbance spectra of sample 30,
and to derive from the absorbance spectra one or more properties of sample
30, including oxygen tension, oxygen saturation, pH, hematocrit, hemoglobin
concentration, anaerobic threshold, and oxygen consumption of the sample.
In certain embodiments, sensor 10 does not include a processor. For
example, sensor 10 can include a connector through which control signals,
configuration signals, data, and analysis results can be delivered to a
processor in another device (e.g., another calculating device such as a
computer, a personal digital assistant, a control unit, a mobile telephone,
a remote control, or another such device). In some embodiments, sensor 10
can include a display 24. Display 24 can generally be any type of display,
such as a low-power liquid crystal or organic LED display, for example.
Display 24 can receive data from processor 20 or any of applications
processors 22, and can display the data to a subject wearing the sensor
and/or to an operator monitoring the subject. The data received and
displayed can include sample information, calibration information, values
of various parameters calculated from absorbance spectra of the sample, and
other types of data. The display can be integrated into housing 11 and/or
can be located remote from housing 11 and configured to communicate with
one or more processors of sensor 10 via communication interface 28 (e.g.,
which can include a signal cable and/or a wireless transmitter-receiver
combination). In certain embodiments, sensor 10 can be configured to
display trend information using display 24. Previously-measured values of
one or more parameters measured over a period of time (which can be
user-selectable) can be displayed, for example, in graphical format, to
show the evolution of the one or more parameters over time. Trend
information for individual 



parameters can be displayed on different axes. Alternatively, or in
addition, trend information for certain parameters can be displayed on a
common axis (e.g., in different colors, and/or using different symbols) to
show relationships between the parameters, for example. Sensor 10 can be
configured to fit trend lines to measured data points for any of the
parameters. Further, sensor 10 can present a warning to a system operator
(e.g., an audible warning, a visual warning, or both)when trend lines for
one or more parameters satisfy certain criteria (e.g., approach closer than
a certain distance, intersect, diverge by more than a certain amount,
change slope in certain directions, change curvature by more than a certain
amount). Sensor 10 can present a warning to a system operator when values
of one or more parameters satisfy certain criteria (e.g., reach
predetermined and/or user-selectable thresholds). Sensor 10 also includes a
communication interface 28. In general, sensor 10 can include a wide
variety of different types of communication interfaces, and can include
more than one type of communication interface. For example, in certain
embodiments, communication interface 28 includes a serial communication
interface and/or port such as a USB interface. In some embodiments,
communication interface 28 includes a parallel communication interface, or
a mixed serial/parallel communication interface. In some embodiments,
communication interface 28 can include a wireless communication interface,
including either a wireless transmitter alone, or both a wireless
transmitter and receiver. Wireless communication interfaces on sensor 10
can be configured to transmit and/or receive data at radio frequencies,
infrared frequencies, microwave frequencies, and other frequencies. Sensor
10 can be configured to transmit and receive data over both wireless and
wired communication interfaces to a variety of external devices. For
example, data can be transmitted to external processing devices such as
computers, personal digital assistants, cellular telephones and/or
smartphones, and other dedicated processing devices. Data can also be
transmitted to storage units, including flash drives, and magnetic and/or
optical storage devices. Storage devices can also be portable storage
devices that can be worn by a subject, for example (e.g., around the waist
of a subject), or embedded in a subject's clothing (e.g., a chip-based
storage device embedded in a shoe of the subject). Further, data can be
transmitted to devices over one or more networks, including private
networks, public networks, local and/or wide area networks, mobile
telephone and/or data networks, and the internet. Data can also be
transmitted to one or more display devices that can be used by medical
personnel, athletic trainers, a subject wearing sensor 10, and other
personnel to observe the analyzed data. Typically, data which is
transmitted to display devices includes one or more parameters derived from
absorbance spectra of a sample. Data which is transmitted to networksand/or
storage devices can include one or more calculated parameters and can also
include, for example, measured absorbance spectra and sensor calibration
and/or configuration information. Where a charging cradle for sensor 10 is
provided, as shown in FIG. 9, the charging cradle can also include a
communication interface for receiving data from sensor 10 (e.g., during
charging of power source 26). The charging cradle's communication interface
can be configured to transmit the received data to storage devices, display
devices, and various networks. Use of a relatively low-power communication
interface on sensor 10 for transmitting data to charging cradle 72 that
includes a higher-power communication interface for transmitting the data
to other devices can reduce the overall power consumption of sensor 10. As
discussed previously, sensor 10 typically includes a plurality of
long-distance radiation sources, each of which corresponds to interrogation
of tissues (e.g., muscle tissue 36) 



at a different depth below a surface of sample 30. Prior to use, sensor 10
is typically calibrated (e.g., by performing a standardization check
routine) relative to a standard, and then attached to a sample (such as a
portion of a subject's body) and activated for use. Sensor 10 is typically
configured, in an initial measurement step, to select an appropriate
long-distance radiation source for sample illumination. FIG. 10 is a flow
chart 100 that shows various steps in a standardization or reference check
and source selection procedure for sensor 10. In a first step 102, each of
the short-distance and long-distance radiation sources on sensor 10 are
calibrated to correct for changes in radiation emission properties over
time. Calibration typically includes the steps of placing a reference
standard against the bottom surface of sensor 10 (e.g., the surface that
contacts sample 30 during use). Each short-distance and long-distance
radiation source is then activated in turn for a selected duration, and
radiation from each source is incident on the reference standard. The
intensity of reflected radiation from the reference standard for each
radiation source is measured by detector 12 and the measured intensity
values are stored. The dark current signal of detector 12 (e.g., with no
radiation incident on detector 12) is also measured and stored. The
measured reflected radiation intensity values are then compared to
reference intensity values for each radiation source that are stored, for
example, in applications processor 22. The reference intensity values can
correspond to values that were measured at the time of manufacture of
sensor 10. If the integrated radiation intensity and/or the
wavelength-dependent intensity of any of the radiation sources have
changed, correction factors can be calculated andstored for use during
later processing of measured data derived from illumination of a sample
with radiation from the sources with changed emission properties. After
standardizing the radiation sources, in step 104 the sensor is attached to
a sample (e.g., an arm or leg of a human subject) and a system optimization
routine is performed by electronic processor 20. Sensor 10 can generally be
attached to a subject's body using any of the attachment devices discussed
previously. System optimization ensures that at least a specified number of
radiation intensity counts are measured by detector 12, but not higher than
a maximum specified intensity. Typically, for example, system optimization
is performed so that a substantial portion of the detector's dynamic range
is used to measure scattered radiation signals. System optimization can
include adjustment of electronic amplification of measured signals by
detector 12 (e.g., detector gain), adjustment of signal acquisition times
(e.g., measurement integration times) on detector 12, adjustment of
emission intensities of selected short- and/or long-distance radiation
sources and/or of radiation emitters therein, and combinations of these
various techniques. Scattered radiation spectra from sample 30 can be
normalized based on detector electronic gain, signal acquisition times, and
illumination times (e.g., duty cycles), as appropriate. If adequate
scattered radiation intensity can be measured within a desired spectral
band for a subject, electronic signal amplification by detector 12 may be
particularly straightforward to implement. Typically, some or all of the
above adjustments can be performed by electronic processor 20 to place the
sensor in a suitable operating configuration prior to collecting
measurement data from a sample. Adjustments can be performed in alternating
fashion, where one parameter is adjusted (e.g., detector gain), followed by
adjustment of another parameter (e.g., one or more of the intensities of
the radiation sources). Each of the parameters can be adjusted more than
once by electronic processor 20 to achieve a suitable operating
configuration for the sensor. As an example, to adjust the signal
acquisition times for one or more of the radiation sources, 



electronic processor 20 can selectively illuminate the sample with light
from one of the short- or long-distance sources for a predetermined time
interval, and then measure scattering light using detector 12. By measuring
the intensity of scattered radiation corresponding to the predetermined
time interval, an appropriate signal acquisition time for the selected
short- or long-distance source can be determined. In general, for any
particular source, it is desirable to measure scattered light that nearly,
but not completely, fills the dynamic range of detector 12.For example, if
detector 12 has a dynamic range of up to 4000 intensity counts, electronic
processor 20 can be configured to adjust the signal acquisition times for
each of the sources so that measured scattered light corresponding to
illumination of the sample with radiation from any one of the sources has a
measured intensity or approximately 3500 counts. Processor 20 determines a
suitable signal acquisition time for each source by applying an appropriate
scaling factor to the predetermined time interval, where the scaling factor
is based on the intensity of scattered radiation during the predetermined
time interval. As an example, for a selected radiation source, exposure of
a sample for a predetermined time interval of 50 ms and measurement of
scattered radiation from the sample during the time interval might yield a
total radiation intensity of 700 counts. To reach an intensity of
approximately 3500 counts for the selected radiation source, processor 20
calculates that a scaling factor of 3500/700 = 5 should be applied to the
predetermined time interval. Accordingly, processor 20 determines that an
appropriate signal acquisition time for the selected radiation source is 5
x 50 ms = 250 ms. Processor 20 can repeat the determination of an
appropriate signal acquisition time for some or all of the other short-
and/or long-distance sources on the sensor. The predetermined time interval
and/or the target scattered radiation intensity (e.g., 3500 counts) can be
selected automatically by processor 20, or this information can be entered
manually by a system operator. For some samples, heating can occur,
particularly when signal acquisition times become relatively long. In some
embodiments, selection of the signal acquisition time for particular
sources can be coupled with adjustment of the electronic gain of detector
12 to ensure that suitable scattered radiation intensities are measured
without undue sample heating. In some embodiments, the sensor can include a
manually- or automatically-determined maximum signal acquisition time
(e.g., 1000 ms or 500 ms). If the signal acquisition time for a particular
radiation source exceeds the maximum signal acquisition time, the
electronic gain of detector 12 can be increased when detecting scattered
radiation corresponding to illumination with radiation from the selected
source. In particular, the electronic gain of detector 12 can be
incrementally increased, and the procedure discussed above can be repeated
for the selected radiation source to determine a new (e.g., lower) signal
acquisition time at the higher gain setting. For any of the short- and/or
long-distance sources, the process of incrementing the gain of detector 12
and redetermining the signal acquisition time can be repeated until a
suitable acquisition time (e.g.,lower than the maximum signal acquisition
time) at a particular gain setting of detector 12 is determined. In
general, the maximum signal acquisition time can vary for different
radiation sources, as radiation from particular sources might heat the
sample to a greater extent than radiation from other sources. The maximum
signal acquisition times, the electronic gain settings, and the determined
signal acquisition times for each of the radiation sources can be stored in
the sensor's on-board data storage unit, for example, or in an external
storage device or medium. In some embodiments, the sensor can include a
temperature monitor that can be used to measure the temperature of a sample
to prevent undue sample heating during measurements. As discussed above,
processor 20 and/or processor 22 can include an internal temperature sensor



that can be used to monitor the sample's temperature. The internal
temperature sensor can include, for example, a circuit element with a
resistance that changes in a reproducible way as the temperature of the
circuit element changes. As the resistance of the circuit element changes,
electrical signals that propagate through the circuit element also change.
Processor 20 and/or processor 22 can detect such changes in the electrical
signals, and can include software instructions that convert the changes in
the electrical signals to a temperature measurement of the circuit element
(and, e.g., of the sample when the sensor is attached to the sample).
Alternatively, as shown in FIG. IA, a temperature sensor 15 can be mounted
on the bottom surface of sensor 10. Temperature sensor 15 can be
electronically coupled to processor 20, and can provide information about
the temperature of a sample to processor 20. Processor 20 can use this
temperature information to adjust the signal acquisition time, detector
gain, and light source selection to ensure that the sample does not suffer
undue heating during exposure to incident radiation. In certain
embodiments, the system optimization step can also include adjustment of
the intensities of radiation produced by the packages and/or LEDs in each
of the sources. For example, the output radiation intensities of individual
LEDs and/or packages in a particular source can be adjusted to ensure that
the incident radiation that the particular source provides to illuminate
the sample has a particular spectral distribution. In some embodiments, the
packages and/or LEDs can be adjusted to produce a spectral distribution of
incident radiation that has nearly constant intensity across a particular
range of spectral wavelengths. In certain embodiments, the packages and/or
LEDs can be adjusted to produce a spectral distribution ofincident
radiation that is more intense in certain spectral regions than in others;
for example, the intensity of the incident radiation in spectral regions
corresponding to strong sample absorption can be adjusted to be larger than
in non-absorbed spectral regions, so that scattered radiation in the
strongly-absorbed regions is sufficiently strong to measure with detector
12. In some embodiments, the detection efficiency of detector 12 can vary
as a function of wavelength. The intensity of the incident radiation can be
adjusted to compensate for such variations in detection efficiency; for
example, in spectral regions where the detection efficiency is low, the
incident radiation intensity can be increased accordingly to increase
measured scattered radiation signals in these regions. In some embodiments,
adjustment of the intensities of radiation produced by the packages and/or
LEDs can also include activating or de-activating certain packages that
emit incident radiation in certain spectral regions. For example,
short-distance sources can be adjusted to provide additional incident
radiation in certain wavelength regions (e.g., in wavelength regions that
yield scattered radiation that is used to correct for intervening skin and
fat layers) by activating packages and/or LEDs that emit in these
wavelength regions. Alternatively, or in addition, the short-distance
sources can be configured to de-activate packages and/or LEDs that emit
radiation in wavelength regions that do not yield scattered radiation that
is used to correct for intervening skin and fat layers. In general, the
emitted radiation intensity from packages and/or LEDs can be adjusted by
varying control voltages applied to the packages and/or LEDs, and/or by
varying the duty cycle of the packages and/or LEDs, as disclosed
previously. In some embodiments, the various shortand long-distance sources
can be adjusted so that both short- and long-distance sources produce
incident radiation that has the same, or nearly the same, relative spectral
intensity distribution. In certain embodiments, some or all of the
short-distance sources, and/or some or all of the longdistance 



sources, can be adjusted to produce incident radiation having different
relative spectral intensity distributions. Control parameters and desired
spectral intensity values for each of the short- and long-distance sources
can be stored in the sensor's on-board data storage unit, for example, or
in an external storage device or medium. The various adjustments that are
part of the system optimization routine can generally be performed either
before or after the selection of a suitable long-distance source. In FIG.
10, the system optimization routine occurs prior to selecting the
long-distance source. However, insome embodiments, a suitable long-distance
source can be selected first, and then various operating parameters of the
system - including signal acquisition time, electronic detector gain, and
the relative spectral profile of the emitted radiation - for both the
short-distance source and any one or more of the long-distance sources
(e.g., the selected long-distance source) can then be determined. In
optional step 106, the sample is then illuminated with emitted radiation
from some or all of the short-distance sources, and scattered radiation
from the sample is measured by detector 12. The wavelength-dependent
scattered radiation intensity data is received by processor 20 (and/or
processor 22), and the processor determines an absorbance (or reflectance)
spectrum for the sample corresponding to short-distance illumination
(absorbance and reflectance, as discussed above, are related by a simple
mathematical transformation, and provide essentially the same information
about the sample). In the next step 108, the sample is then illuminated
with emitted radiation from a selected one of the long-distance radiation
sources, scattered radiation from the sample is measured by detector 12,
and processor 20 determines an absorbance spectrum for the sample
corresponding to the selected long-distance illumination. The procedure is
repeated in turn for each of the long distance radiation sources, so that a
series of absorbance spectra are obtained, each corresponding to a
different long-distance illumination of the sample. In optional step 110,
each of the long-distance illumination spectra is corrected to reduce the
spectral effects of overlying skin and fat layers. As shown in FIG. 2 for
example, sample 30 typically includes tissues of interest such as muscle
tissue 36 and overlying layers of skin 32 and subcutaneous fat 34. The
layers of skin and fat can produce spectral effects that are not related to
the muscle tissue of interest, and which can reduce the accuracy of sample
parameters calculated from the spectra. Accordingly, data from the spectra
corresponding to short-distance illumination are combined with data from
one of the long-distance illumination spectra to provide a corrected
long-distance illumination spectrum in which spectral effects due to the
overlying layers are reduced. The process is repeated for each of the
long-distance illumination spectra to generate a set of corrected
long-distance illumination spectra. Correcting long-distance illumination
spectral data typically includes orthogonalizing the long-distance data
against spectral components derived from the short-distance illumination
spectrum. Systems and methods for implementing such corrections are
disclosed, for example,in U.S. Patent Application Publication No. US
2007/0038041, the entire contents of which are incorporated herein by
reference. In step 112, the corrected (or uncorrected, if steps 106 and 110
are omitted) long-distance illumination spectra are analyzed to select a
particular long-distance source for subsequent spectral measurements of the
sample. As discussed previously, each of the long-distance radiation
sources effectively probes to a selected depth beneath the surface of the
sample. Accordingly, the selection of a particular long-distance source can
essentially correspond to selecting the long-distance source which most
effectively illuminates the tissue of interest (e.g., 



muscle tissue 36). Several methods can be implemented by processor 20 to
select a suitable long-distance source. In some embodiments, for example,
corrected and/or uncorrected long-distance illumination spectra are
presented to a system operator, who manually selects a particular long
distance source based on the spectra. The operator's selection of the
long-distance source can be based on various criteria including the shape
of the different illumination spectra, for example. In some embodiments,
the selection of a suitable long-distance source can be highly or even
completely automated. Processor 20 can be configured to select a particular
long-distance source based on an analysis of the corrected and/or
uncorrected illumination spectra corresponding to the various long-distance
sources. In certain embodiments, for example, processor 20 can select a
particular long-distance source by fitting the corrected and/or uncorrected
illumination spectra to a Taylor series-based model for the primary
chromophores in the sample, and then determining the error between the
model and each of the illumination spectra. Processor 20 then selects the
long-distance source that produces the smallest error. The Taylor series
model can take a number of functional forms, depending in part upon the
nature of the various chromophores in the sample. Suitable models that can
be implemented are disclosed, for example, in U.S. Patent No. 7,532,919,
the entire contents of which are incorporated herein by reference. As an
example, a Taylor series expansion model for a light attenuation spectrum
Amodei(l) as a function of the wavelength l of radiation scattered or
emitted from a sample is: =( o + C1X)+In(I q) (L) [cm+Mbem
[X}+cmo2+MbO2emo2 [X)+cwatewat [X)]where I0(l) is an intensity of incident
radiation on the sample, I(l) is an intensity of reflected or scattered
radiation from the sample, Co and C1 are constants, <L> is a mean path
length of the reflected or scattered light through the sample, epb(l) is a
wavelength-dependent extinction coefficient for deoxygenated hemoglobin in
the sample, ekbq2(l) is a wavelength-dependent extinction coefficient for
oxygenated hemoglobin in the sample, cwat is a concentration of water in
the sample, and ewat(l) is a wavelength-dependent extinction coefficient
for water in the sample. In general, Taylor series model fitting errors
increase with increasing source-detector distance. Accordingly, if a
long-distance source was selected based entirely on a minimum fitting error
criterion, the long-distance source nearest detector 12 might have the
highest apriori probability of being selected. To eliminate path-length
related effects from the long-distance source selection algorithm, the
illumination spectra can be normalized prior to fitting to fitting to the
Taylor series-based model. A variety of different normalization methods can
be implemented by processor 20. In some embodiments, for example, processor
20 normalizes the illumination spectra by dividing each absorbance value in
a particular spectrum by the maximum absorbance value in the spectrum.
Other normalization methods can also be implemented by processor 20,
including normalization by signal acquisition time and normalization by the
mean value in each particular spectrum. Following normalization, the Taylor
series model fitting errors calculated from the normalized illumination
spectra are generally free from effects due to varying optical path lengths
of the different sources and different magnitudes of the measured signals
corresponding to the different long-distance sources. Instead, the Taylor
series model fitting errors are accurate metrics for the suitability of the
various illumination spectra for determining oxygen saturation in the
sample. Selecting the long-distance source that produces the smallest
Taylor series model fitting error based on the normalized illumination
spectra is therefore analogous to selecting the 



long-distance source that most accurately produces a spectrum of a target
(e.g., muscle tissue) in the sample. In conjunction with selecting one of
the long-distance sources based on the Taylor series model fitting error
derived from the spectrum to which the long-distance source corresponds,
the quality of the data measured by illuminating the sample with incident
radiation from the source is checked against a minimum suitability
criterion using a "3s" method. To implement the 3smethod, processor 20
determines a value of the quantity s, which corresponds to the standard
deviation of Taylor series model fitting errors for all of the
long-distance sources. Processor 20 also determines an average value m of
the Taylor series model fitting errors for all of the long distance
sources. The determination of m and s can be based on previously-measured
spectra and their associated fitting errors, for example. Processor 20
determines a root mean square (RMS) value of the Taylor series model
fitting error for each spectrum (e.g., each spectrum corresponding to a
particular long-distance source) by calculating a sum of squared
differences between the Taylor series model fitting errors and the average
value of the Taylor series model fitting errors over all measurement
wavelengths, dividing the sum of squared differences by the number of
measurement wavelengths, and taking the square root of the quotient.
Processor 20 compares the RMS value of the Taylor series model fitting
error for a particular spectrum to the average value m of the Taylor series
model fitting errors. If the RMS value lies within an error interval
centered at the average value m and having a width of 3s on either side of
the average value (e.g., within an interval (m-3s, m+3s), processor 20
concludes that, for at least a 99% level of confidence, sample spectra
measured by illuminating the sample with radiation from the long-distance
source corresponding to the particular spectrum being analyzed are of
suitable quality to make accurate determinations of one or more quantities
for the sample. The long-distance source corresponding to the particular
spectrum being analyzed can then be used to collect data from the sample by
measuring scattered radiation from the sample in response to illumination
with radiation from the long-distance source. If the RMS value of the
Taylor series model fitting error for a particular spectrum does not fall
within the above interval, however, processor 20 determines that the
corresponding long distance source cannot be used to collect data of
sufficient quality from the sample. In this manner, processor 20 implements
the 3smethod to establish a minimum suitability criterion for any
particular long-distance source: the RMS value of the Taylor series model
fitting error for the spectrum derived from illumination of the sample by
the corresponding long-distance source must fall within the interval (m-3s,
m+3s) . The 3smethod can be implemented at various points in the
long-distance source selection process. In some embodiments, after the
Taylor series model fitting errors are determined for each spectrum
corresponding to a particular long-distance source, the spectrumcan be
checked to make sure it also satisfies the minimum suitability criterion;
long-distance sources that do not satisfy the criterion can be removed from
further consideration. After all spectra have been checked and only the
spectra that satisfy the criterion have been retained, the long-distance
source that corresponds to the smallest RMS Taylor series model fitting
error can be selected for use. In certain embodiments, the Taylor series
model fitting errors can be determined for the spectra corresponding to
each of the long-distance sources first. Processor 20 selects the spectrum
with the smallest RMS Taylor series model fitting error, and checks the
spectrum using the 3smethod to make sure the spectrum satisfies the minimum
suitability criterion. If the 



criterion is satisfied, the corresponding long-distance source is selected
for further use. If the criterion is not satisfied, processor 20 evaluates
the spectrum with the next-smallest RMS Taylor series model fitting error,
and repeats the minimum criterion check to determine whether the
long-distance source corresponding to this spectrum is a suitable
illumination source for further sample measurements. The entire process is
further repeated until a long-distance source corresponding to the smallest
RMS Taylor series model fitting error and that also satisfies the minimum
suitability criterion is identified. This long-distance source is then used
to provide incident radiation to the sample for measurement of sample
information. Other criteria can also be used, in addition or as
alternatives, to select a suitable long distance source. For example, in
some embodiments, signal acquisition times for each of the long-distance
sources can influence the selection of one of the long-distance sources.
Generally, signal acquisition times have been observed to increase with
increasing source-detector spacing. Accordingly, where several
long-distance sources produce illumination spectra with comparable Taylor
series model fitting errors, and where the sources each produce
sufficiently high quality data to accurately obtain target (e.g., muscle
tissue) spectra according to the 3s method, processor 20 can be configured
to select, for example, the long-distance source that is closest to the
detector to reduce signal acquisition time. In certain embodiments, other
methods are used to select a suitable long-distance source. For example,
the long-distance spectra can be analyzed to determine which spectrum
corresponds most closely to an expected spectrum of the tissue of interest.
The comparison can be based on the entire measured and expected spectra, or
based on selected spectral features (such as absorption peaks at particular
wavelengths, for example) within the spectra. Longdistance sources which
correspond to probing depths that are too short will generally produce
poorly resolved spectral features. In general, any of the methods for
selecting a suitable long-distance source can be used with or without
correction of the measured long-distance spectra to account for spectral
effects due to intervening layers of skin and fat. That is, in some
embodiments, prior to comparing the long-distance spectra, the
long-distance spectra can be corrected using information derived from one
or more sample absorbance spectra measured based on sample illumination by
short-distance sources. Such corrections can be used to reduce or eliminate
the effects of skin and fat layers positioned between the sensor and a
target of interest (e.g., muscle tissue) in the sample. However, in certain
embodiments, the long-distance spectra can be compared without performing a
correction for intervening skin an d fat layers. The decision as to whether
to perform the correction can be made by a system operator (e.g., as a
user-selectable option, and/or in response to a prompt from the sensor), or
the decision can be made automatically by the sensor based on properties of
the long-distance spectra, for example. Mathematical algorithms can be
applied to calculate and/or estimate correlations between the measured and
expected spectra, or between certain features of the measured and expected
spectra. In some embodiments, the long-distance source that corresponds to
the shortest probe depth that produces measured spectra having an
acceptable correlation with expected spectra is selected for subsequent
interrogation of the sample. If no long-distance source is found to be
suitable, sensor 10 provides an alert to a system operator in the form of a
visual and/or auditory signal, and a prompt to check and adjust the
position of the sensor. Either result leads to the termination of the
procedure at step 114. In some embodiments, sensor 10 can be used for
spatially-resolved spectroscopy (SRS), 



in which spectra based on at least three different long-distance radiation
sources are analyzed to determine various sample properties. When sensor 10
operates in SRS mode, at least three different long-distance sources are
selected for subsequent illumination based on correspondences between
expected and measured spectra and/or spectral features of the sample for
the long-distance sources. If at least three suitable long-distance sources
cannot be found, sensor 10 provides a visual and/or auditory alert, and a
prompt to check placement of the sensor. In certain embodiments, where the
sensor includes multiple short-distance sources, the sensor can be
configured to select an appropriate short-distance source for sample
illumination(e.g., to correct long-distance spectra for intervening layers
of skin and fat). A variety of methods can be used to select a suitable
short-distance source. In some embodiments, the selection of a
short-distance source can be performed in conjunction with selection of a
long distance source. As discussed above, a plurality of long-distance
spectra corresponding to different long-distance sources are acquired.
Short-distance spectra corresponding to each of the short-distance sources
are also acquired. Each long-distance spectrum is then corrected (e.g.,
orthogonalized) using each one of the short-distance spectra in turn. For
each pair of long distance and short-distance spectra, the corrected
long-distance spectrum is fitted to a Taylor series-based model, and the
model fitting error is determined. After corrected long-distance spectra
from each of the pairs of long-distance and short-distance spectra have
been fitted and the model fitting error determined, the corrected
long-distance spectra are checked using the 3s method discussed above, and
combinations of short- and long-distance sources that do not yield spectra
that satisfy the minimum suitability criterion corresponding to the 3s
method are eliminated from further consideration. Sensor 10 then selects
the combination of short- and long-distance sources that yield spectra with
the smallest fitting error, provided the spectra measured using this
combination also satisfy the minimum criterion of the 3s method. In some
embodiments, selection of a suitable short-distance source can be performed
manually by a system operator. Sensor 10 can display a prompt requesting
that the system operator select a suitable short-distance source, for
example. Short-distance source selection can also be achieved through one
or more configuration settings that the operator enters into sensor 10
(e.g., with or without prompting). Sensor 10 can display to the operator
one or more sample absorbance spectra measured with the short-distance
sensors to assist the system operator in selecting a suitable
short-distance source. The standardization routine discussed above in
connection with FIG. 10 (e.g., step 102) is optional, and is not required
prior to using sensor 10 to perform the measurements disclosed herein. In
some embodiments, for example, sensor 10 is not standardized prior to use.
Instead, sensor 10 can be used in an un- standardized configuration, or
standardization information can be retrieved (e.g., from an external
storage unit or an on-board storage unit such as a system memory) and used
to configure sensor 10 prior to use. Sensor 10 can then, optionally, be
configured to select a suitable long-distance source, as discussed above in
connection with FIG. 10.Following selection of a suitable long-distance
radiation source (or sources), measurement of spectral data from the sample
and calculation of one or more parameters from the spectral data can begin.
FIG. 11 shows a flow chart 200 that includes a series of measurement steps.
In first step 202, the short-distance radiation sources are activated and a
short-distance absorbance spectrum of the sample is determined, as
discussed in connection with step 106 of FIG. 10. Then, in step 204, the
selected long-distance radiation source is activated and a long-distance
absorbance spectrum of the sample is determined in a manner similar to step



108 of FIG. 10. In step 206, the long-distance spectrum is corrected to
reduce spectral effects due to skin and fat layers by orthogonalizing the
long-distance spectral data against spectral components derived from the
short-distance spectrum, in accordance with step 110 of FIG. 10. In step
208, one or more sample parameters are calculated by processor 20 based on
the corrected long-distance spectral data. As discussed previously,
calculated parameters can include one or more of oxygen saturation, oxygen
tension, pH, hematocrit, hemoglobin concentration, anaerobic threshold,
water content, and oxygen consumption of the sample. The measured data
and/or calculated parameters can be stored in one or more storage units
and/or transmitted to one or more external devices or networks in step 210.
If display 24 is present (or if another display is linked to sensor 10),
the display can be updated with newly measured and/or calculated values. As
discussed previously, trend information - including previously-measured
values of the one or more parameters - can be displayed on display 24 for a
user-selectable time window. Trend information can be updated on display 24
as additional values of the one or more parameters are measured by the
sensor. In decision step 212, processor 20 and/or 22 decides whether to
continue monitoring the sample or to terminate data acquisition (e.g., in
response to an interrupt signal initiated by a user). If measurement of
sample data is to continue, flow control returns to step 202 and the
measurement procedure repeats. If measurement is to terminate, the
procedure ends at step 214. Processor 20 can perform a series of additional
automated functions during data acquisition. In some embodiments, for
example, processor 20 is configured to determine whether measured spectral
data for the sample either exceeds a maximum intensity threshold, or falls
below a minimum intensity threshold. The thresholds can be entered manually
by a system operator, determined automatically by processor 20, or
retrieved by processor 20 from a sensor memory or storage unit, or from an
external storage device or medium. To test whether thespectral data exceeds
the maximum intensity threshold, the spectral data is analyzed before it is
converted to an absorbance spectrum. Processor 20 compares the highest
intensity value in the measured spectral data to the maximum intensity
threshold. If the highest intensity value does not exceed the maximum
intensity threshold, the spectral data is converted to an absorbance
spectrum, which is then further analyzed by processor 20. However, if the
highest intensity value exceeds the maximum intensity threshold, the
spectral data is not converted into an absorbance spectrum and additional
spectral data (e.g., another illumination spectrum) is acquired by
directing incident radiation from the selected long-distance source to the
sample and measuring scattered light from the sample. Processor 20 then
compares the highest intensity value in the additional spectral data to the
maximum intensity threshold. If the highest intensity value in the
additional spectral data does not exceed the maximum intensity threshold,
the additional spectral data is converted to an absorbance spectrum, which
is then further analyzed by processor 20. However, if the highest intensity
value in the additional spectral data exceeds the maximum intensity
threshold, the spectral data is not converted into an absorbance spectrum.
Processor 20 then re-determines the signal acquisition time for the
long-distance source, and can, in certain embodiments, redetermine the
signal acquisition time for some or all of the short-distance sources.
Typically, the signal acquisition time for the long-distance source will be
reduced to further limit the accumulated intensity of the scattered
radiation measured by detector 12. To determine whether the scattered
radiation signals measured by detector 12 are too small, processor 20
compares each of the measured spectral intensity values to the minimum 



intensity threshold. If none of the measured spectral intensity values is
less than the minimum intensity threshold, processor 20 converts the
spectral data to an absorbance spectrum for the sample, and further
analyzes the absorbance spectrum. However, if one or more of the measured
spectral intensity values is less than the minimum intensity threshold, the
spectral data is not converted to an absorbance spectrum. Instead,
processor 20 acquires additional spectral data (e.g., another illumination
spectrum) by directing incident radiation from the selected long distance
source to the sample, and measuring scattered light from the sample via
detector 12. Processor 20 then compares the additional spectral data to the
minimum intensity threshold. If none of the measured spectral intensity
values in the additional spectral data is less than the minimum intensity
threshold, processor 20 converts the additional spectral data to
anabsorbance spectrum for the sample, and further analyzes the absorbance
spectrum. However, if one or more of the measured spectral intensity values
in the additional spectral data is less than the minimum intensity
threshold, the spectral data is not converted to an absorbance spectrum.
Instead, processor 20 then re-determines the signal acquisition time for
the long-distance source, and can, in certain embodiments, re-determine the
signal acquisition time for some or all of the short-distance sources.
Typically, the signal acquisition time for the long-distance source will be
increased to increase the accumulated intensity of the scattered radiation
measured by detector 12. In some embodiments, adjustment of the detector's
electronic gain can be used in place of, or in combination with,
re-determination of the signal acquisition time for the short-distance
sources and/or the selected long-distance source. For example, to reduce
the intensity of radiation measured by detector 12, processor 20 can be
configured to reduce the signal acquisition time of the selected
long-distance radiation source, to reduce the electronic gain of detector
12 when scattered radiation from the sample is measured following
illumination of the sample with incident radiation from the selected
long-distance source, or both. Conversely, to increase the intensity of
radiation measured by detector 12, processor 20 can be configured to
increase the signal acquisition time of the selected long-distance
radiation source, to increase the electronic gain of detector 12 when
scattered radiation from the sample is measured following illumination of
the sample with incident radiation from the selected long-distance source,
or both. In certain embodiments, selection of a different long-distance
source can be used in place of, or in combination with, re-determination of
the signal acquisition time for the short-distance sources and/or the
selected long-distance source, and/or adjustment of the detector's
electronic gain. For example, in addition to increasing the signal
acquisition time and/or increasing electronic gain to increase the
intensity of measured spectral data, processor 20 can be configured to
select a new long-distance source to illuminate the sample. The selected
long distance source can be closer to detector 12 than the initial
long-distance source. Alternatively, in addition to decreasing the signal
acquisition time and/or decreasing electronic gain to reduce the intensity
of measured spectral data, processor 20 can be configured to select a new
longdistance source to illuminate the sample. The selected long-distance
source can be further from detector 12 than the initial long-distance
source.Electronic gain adjustments and selection of different long-distance
sources are particularly useful when the signal acquisition time for a
selected long-distance source is already relatively long. Long signal
acquisition times can lead to heating of the sample, yielding erroneous
spectral data that leads to incorrect determination of values of various
sample properties based on the spectral data. To avoid such errors, the
signal acquisition time can be 



increased by relatively small amounts (or not at all), while other system
parameters such as electronic gain and the selected long-distance source
can be adjusted instead. Typically, gain adjustments are made first by
processor 20, and if such adjustments are insufficient to yield spectral
data within a desired measurement intensity range and/or without
significantly heating the sample, processor 20 can select a different
long-distance radiation source to illuminate the sample. Adjustments of one
or more of signal acquisition time, electronic gain, and the selected
long-distance source can also be used to compensate for changes in the
sample during measurement of spectral data. For example, where the sample
is tissue in a human subject, significant changes in blood flow and other
physiological parameters can occur when the subject is exercising. Such
changes can affect spectral measurements by either increasing or reducing
the amount of scattered light measured by detector 12. The sensors
disclosed herein can compensate for such changes by adjusting parameters
such as signal acquisition time, electronic gain, and selected
long-distance source to compensate for the effects of the changes. Any of
the adjustments and analysis steps can be performed with the intervention
of a system operator, or completely automatically by processor 20 with no
operator intervention. In some embodiments, for example, processor 20 is
configured to examine spectral data as it is acquired in real time or
near-real time, and to adjust the various operating parameters of the
sensor appropriately to yield measurement signals that fall within a
desired range of signal intensities. In some embodiments, sensor 10 can
include radiation sources (e.g., short-distance and/or long-distance
radiation sources) in arrangements that differ from the arrangement shown
in FIG. IA. For example, FIG. 3 1 shows a bottom view of a sensor 10 that
includes a plurality of long distance radiation sources 16 arranged on an
opposite side of detector 12 from a plurality of short-distance radiation
sources 14. FIG. 32 shows a bottom view of a sensor 10 that includes a
plurality of short-distance radiation sources 14 spaced from detector 12
along an x-direction ofthe sensor, and a plurality of long-distance
radiation sources 16 spaced from detector 12 along a y-direction of the
sensor. FIG. 33 shows a bottom view of a sensor 10 having an approximately
circular shape, and including an annular short-distance radiation source 14
and a plurality of annular long-distance radiation sources 16. In general,
embodiments of sensor 10 can include any number of short-distance sources
and any number of long-distance sources. The various sources can have
different shapes, including circular or arc-shapes, square, rectangular,
and/or other regular or irregular shapes. The radiation sources can
generally be distributed in any manner relative to one another, provided
the distribution of radiation sources is consistent with the functionality
of sensor 10 disclosed herein. In certain embodiments, sensor 10 can
include multiple detectors. For example, embodiments of sensor 10 can
include a single radiation source and multiple detectors, or multiple
radiation sources and multiple detectors. FIG. 34 shows a bottom view of a
sensor 10 that includes a single radiation source 25 and a plurality of
detectors 23a-f . Radiation source 25 can generally have any of the
properties disclosed herein in connection with sources 14a-c and 16a-e, for
example. Each of detectors 23a-f can typically have any of the properties
disclosed herein in connection with detector 12, for example. Detector 23a
corresponds to a short source-detector spacing, while each of detectors
23bf corresponds to a long source-detector spacing. Scattered radiation
detected by detectors 23b-f 



corresponds to different probe depths beneath a sample surface, as
discussed previously. Accordingly, operation of sensor 10 in FIG. 34 is
generally similar to operation of sensor 10 in FIG. IA, for example. One of
the long-distance detectors 23b-f is selected to detect scattered radiation
from a tissue of interest within the sample according to an procedure
similar to the procedure of FIG. 10. Spectra corresponding to long-distance
illumination of the sample - measured by detectors 23b-f- are corrected to
reduce spectral effects of skin and fat layers by orthogonalization against
spectral components derived from short-distance spectral data measured by
detector 23a. The other properties and features of sensor 10 in FIG. 34 are
generally similar to properties and features of the other sensors disclosed
herein. The number and positions of detectors in FIG. 34 can generally be
selected as desired. Any number of detectors can be positioned on the
bottom surface of sensor 10, in analogous fashion to the placement of
radiation sources in the embodiments shown in FIGS. 31-33.Detectors 23a-f
can generally have a wide variety of shapes, including circular, annular,
rectangular, square, and other regular and/or irregular shapes. The
numbers, positions, and shapes of detectors 23a-f are chosen to be
consistent with the functionality of sensor 10 disclosed herein. In some
embodiments, sensor 10 can include multiple short-distance sources. Some of
the short-distance sources can be spaced differently from the detector
relative to other shortdistance sources. FIG. 35 shows an exemplary
embodiment of a sensor 10 that includes a plurality of short-distance
sources 34a-c, and a plurality of long-distance sources 36a-f .
Shortdistance sources 34a-c are each spaced differently relative to
detector 32. For example, in some embodiments, the spacings s of sources
34a-c with respect to detector 32 are 6 mm, 3 mm, and 9 mm, respectively.
In general, sensor 10 can include any number of short-distance sensors,
spaced from detector 32 in any manner to provide suitable short-distance
incident radiation for measuring sample spectra and/or correcting measured
long-distance spectra. Applications The sensors disclosed herein can be
used in a variety of different applications for monitoring both human and
animal subjects. Due to their relatively low profile, small size and
weight, and self-contained nature, the sensors can be comfortably worn
without imposing burdensome movement restrictions on subjects. In some
embodiments, the sensors disclosed herein can be used to monitor a subject
performing exercise, such as an athlete undergoing a training regimen. By
measuring relevant muscle tissue properties such as anaerobic threshold,
oxygen consumption, and muscle temperature, the progress of the regimen can
be followed and evaluated. During training, the sensor can be worn by the
athlete and near real-time measurement results can be transmitted
wirelessly to a monitoring station, where a coach, trainer, doctor, or
other person can monitor the athlete's progress and condition. In similar
fashion, the sensors can be used to monitor subjects undergoing physical
rehabilitation following an injury, or stress testing in an evaluation
center. The sensors can provide data relating to the effectiveness of a
rehabilitation program, and can also provide for monitoring of the
subject's condition during periods of physical exertion. The sensors can
transmit data wirelessly or via one or more wires that are connected to
display and/or datastorage units, for example. Display units can be built
into various pieces of exercise equipment such as treadmills and exercise
bicycles, and the sensors can transmit data to some or all of these devices
as monitoring of the subject occurs. In certain embodiments, the sensors
can be used to monitor the condition of individuals 



engaged in dangerous and/or stressful activities. For example, the sensors
can be used to monitor soldiers and/or astronauts. Hemorrhage is a major
cause of soldier death. To help soldiers survive major injury, seriously
injured soldiers should be quickly identified and appropriate resuscitation
techniques applied. Significant blood loss leads to shock, which in turn
produces inadequate organ perfusion and tissue oxygenation. Resuscitation
from shock corrects the mismatch between available oxygen and oxygen
demands of critical organs. Accordingly, rapid response to hemorrhage -
including resuscitation from shock - within the first hour can prevent
cardiovascular collapse and death. Traditional methods for assessing shock
- including the measurement of parameters such as blood pressure, heart
rate, urine output, and systemic measures of oxygen transport such as
oxygen delivery and consumption, blood lactate, arterial pH, and base
excess - may provide uncertain markers as to the onset and/or endpoint of
shock and response to resuscitation. Measurements of the partial pressure
of oxygen and/or oxygen saturation in peripheral muscle tissue are related
to changes in central blood volume, as markers of the hemodynamic
compensatory responses that shunt blood away from the skeletal muscles and
internal organs (e.g., liver, stomach, intestines, kidney) to the heart and
brain, preserving blood pressure. As such, these quantities can provide an
indication of internal bleeding prior to the onset of shock (drop in blood
pressure) and provide a more accurate and early indication of adequate
resuscitation during hemorrhage. The sensors disclosed herein can be used
to provide real-time or near real-time measures of the partial pressure of
oxygen and/or oxygen saturation in muscle tissue, and can therefore be used
for early identification of soldiers most at risk of developing hemorrhagic
shock. If a reduction in muscle oxygenation is not rapidly reversed, the
patient's muscle pH decreases. Resuscitation to restore normal muscle
oxygen without restoring normal levels of muscle pH can lead to poor
patient outcomes. As such, the sensors disclosed herein permit continuous
monitoring of muscle oxygen saturation/partial pressure, and/or pH, and
data transmitted from sensors to control centers can be used, e.g., to
alert support personnel to the need for medical attention when injuries are
sustained. The sensors disclosed herein can, insome embodiments, be
incorporated into clothing worn by soldiers and/or astronauts, making
monitoring of these individuals even more unobtrusive. When resuscitation
occurs, the sensors can be used to monitor muscle oxygen saturation/partial
pressure and/or pH to direct the resuscitation therapy, in some cases by
providing input into electronic controllers on therapeutic devices, thereby
improving patient outcomes. Therapeutic devices that can receive input
information and/or control signals from the sensors disclosed herein
include, for example, infusion pumps (e.g., to deliver one or more drugs
and/or fluids such as blood or saline solution), ventilators, and other
devices configured to deliver fluids to a patient and/or monitor a
patient's condition. In some embodiments, the sensors disclosed herein can
be used to monitor critically and/or chronically ill patients in treatment
facilities such as hospitals (e.g., in operating rooms, emergency rooms,
and intensive care units), during patient transport (e.g., in air and
ground ambulances), and in the field. The sensors can also be used for
patient monitoring in doctors' offices, clinics, and in patients' homes.
Data can be transmitted from the sensors to monitoring stations so that
doctors, nurses, and other patient care personnel can monitor the condition
of patients and take appropriate actions in the event of emergency
conditions or other critical events. Data can be transmitted directly from
an ambulance to a receiving hospital in advance of a patient's arrival, so
that hospital staff can be prepared to treat the patient immediately upon 



arrival. In some applications, patients with chronic diseases such as
congestive heart failure can use the sensors disclosed herein at home,
continuously or intermittently, to alert a physician when their physical
condition worsens to the point where medical intervention is suggested
and/or necessary. The sensors disclosed herein are particularly well suited
to applications involving monitoring and treatment of patients with
traumatic injuries, sepsis, and patients undergoing surgery. One factor
common to each of these conditions is that deaths and complications are
frequently a result of poor blood flow to key organs such as the
intestines, liver, stomach and kidney, a situation which is typically
referred to as poor tissue perfusion. If poor tissue perfusion is
recognized early, it can be treated by delivering appropriate volumes of
fluid and, if necessary, medications to improve blood flow. If poor tissue
perfusion continues untreated, however, it can result in tissue acidosis
(low tissue pH), which leads to cell injury and tissue death. This is oneof
the causes of sepsis and multiple organ dysfunction, and can result in long
hospital stays, expensive medical treatment, and high mortality rates. The
sensors disclosed herein can determine, based on measurements of scattered
radiation from a subject's tissue, muscle oxygen levels, which provide a
surrogate measurement of internal organ oxygenation. This can lead to early
identification of poor tissue perfusion. The sensors can also determine
muscle pH and muscle oxygen saturation, which must typically be maintained
above threshold levels during patient care. The output from these sensors
can be connected to other equipment which delivers fluids, drugs or other
therapies aimed at improving tissue perfusion and restoring appropriate
levels of tissue oxygen and pH. The output from these sensors can be used
to control such treatment equipment so that muscle oxygen, pH and
hematocrit remain at pre-defined levels. Other properties determined by the
sensors disclosed herein can also be evaluated and used to assess managed
care programs for both acutely and chronically afflicted patients. Hardware
and Software Implementation The method steps and procedures described
herein can be implemented in hardware or in software, or in a combination
of both. In particular, processor 20 (and/or other processors of sensor 10
such as processor 22) can include software and/or hardware instructions to
perform any of the methods discussed above. The methods can be implemented
in computer programs using standard programming techniques following the
method steps and figures disclosed herein. Program code is applied to input
data to perform the functions described herein. The output information is
applied to one or more output devices such as a printer, or a display
device, or a web page on a computer monitor with access to a website, e.g.,
for remote monitoring. Each program is preferably implemented in a high
level procedural or object oriented programming language to communicate
with a processor. However, the programs can be implemented in assembly or
machine language, if desired. In any case, the language can be a compiled
or interpreted language. Each computer program can be stored on a storage
medium or device (e.g., an electronic memory) readable by the processor,
for configuring and operating the processor to perform the procedures
described herein. EXAMPLESThe invention is further described in the
following examples, which are not intended to limit the scope of the
invention described in the claims. Example 1 To assess the magnitude and
distribution of Taylor series model fitting errors, near infrared spectral
reflectance measurements were obtained from six adult subjects on different



parts of the body, while the adults were in the supine position. Multiple
measurement locations on each subject were selected so that the intervening
fat layer between the subject's skin and the muscle tissue of interest and
the locations spanned a range of thicknesses from 5 mm to 20 mm. Fat
thickness measurements were determined quantitatively using an ultrasound
scanner (SonoSite, Bothell, WA). At each location on each subject, five or
six duplicate measurements were performed. The duplicate spectra were
normalized and then fitted to a Taylor series model, and Taylor series
model fitting errors were determined as the root mean-square error (e.g.,
the square root of the quotient of sum of squared errors divided by the
number of individual wavelength points in each spectrum) between the
measured spectra and the Taylor series model. After all measurements and
errors were determined, an average fitting error and a standard deviation
of the fitting errors were determined for each location from the duplicate
measurements. Exemplary spectra for one of the subjects are shown in FIGS.
12A-D. The spectra correspond to measurements performed on the subject's
calf (FIG. 12A, fat thickness 9.4 mm), shoulder (FIG. 12B, fat thickness
9.4 mm), high thigh (FIG. 12C, fat thickness 13.1 mm), and normal thigh
(FIG. 12D, fat thickness 9.6 mm) at different source-detector separations
(Ll = 30 mm, L2 = 35 mm, L3 = 40 mm, L4 = 45 mm, L5 = 50 mm). Despite the
differences in fat thickness and measurement location, all of the spectra
have similar shapes, with maximum absorption near 760 nm; there are minimal
differences as a function of the various sourcedetector spacings. The
spectra corresponding to the largest fat thickness (FIG. 12C) appear to
show more variance than the spectra corresponding to smaller fat
thicknesses. Measurements of oxygen saturation derived from the spectra
shown in FIGS. 12A-D, and fitting errors associated with the oxygen
saturation measurements, are shown in FIGS. 13A and 13B, respectively. In
general, the oxygen saturation measurements determined for various
locations and fat thicknesses on the subject are similar in magnitude in
FIG. 13A. This suggeststhat Taylor series model fitting is a reliable way
to determine which long-distance source is selected for sample
measurements. In general, Taylor series model fitting errors (as well as
oxygen saturation measurements) are independent of fat thickness, provided
that incident radiation penetrates through the skin/fat layer into the
muscle and short-distance correction (e.g., orthogonalization) adequately
reduces or removes spectral contributions from the skin and fat. In this
example, the observation that the different fat thicknesses do not
significantly change the calculated oxygen saturation values suggests that
light penetration is adequate, and skin and fat correction is sufficient.
In addition, spectra that would yield erroneous measurements of oxygen
saturation can be identified and removed from further consideration
relatively easily by an electronic processor configured to determine the
Taylor series model fitting errors. To examine the feasibility of removing
abnormal spectra from a measured data set, near infrared spectral
reflectance spectra from 34 different adult human subjects were obtained
during periods of exercise using a fiber optic probe coupled to a compact
spectrometer (Ocean Optics USB2000, available from Ocean Optics, Dunedin,
FL) at a source-detector spacing of 30 mm. FIG. 14A shows a plurality of
spectra measured for one of the 34 subjects. Each of the measured spectra
was normalized, fitted to a Taylor series model, and the Taylor series
fitting error was calculated. The Taylor series fitting errors for each of
the spectra are shown in FIG. 14B. From the error plot, it is evident that
among the spectra collected for the subject, two (the first and the last
spectra recorded) were abnormal; if these spectra were used to determine
oxygen saturation, the 



results would likely be erroneous. The unusually large values of the
computed Taylor series fitting error for these two spectra therefore serve
as an accurate predictor of abnormal spectra. An electronic processor can
implement the Taylor series fitting procedure disclosed above and then, by
a process such as thresholding or comparing to a predetermined or previous
signal level, can readily identify and remove spectra from the measured
data set that are likely to yield calculated parameter values that are
erroneous. Example 2 To examine the synthesis of an incident radiation
spectrum by activating multiple individual LEDs, a study was conducted with
two different sets of LEDs. The first set of LEDs included diodes
configured to emit at the following peak wavelengths: 735, 810, 850, 850,
890,and 940 nm. The second set of LEDs included diodes configured to emit
at the following wavelengths: 735, 780, 810, 850, 890, and 940 nm. For each
of the sets of LEDs, the driving current applied to each of the LEDs in the
set was an adjustable fraction of the maximum driving current for each of
the LEDs. In this study, the fraction was adjusted to be equal for each of
the individual LEDs in a set. The spectrum for each set, which included
emission from each of the LEDs, was measured using a 30 mm source-detector
spacing to detect reflected light from a 99% SPECTRALON reflectance
standard. FIG. 15 shows the measured spectrum of the second set of LEDs.
The spectrum shown in FIG. 15 suggests that a relatively smooth incident
radiation spectrum can be obtained by simultaneously activating multiple
LEDs in a particular wavelength region of interest. For near infrared
spectral measurements of blood, the most important wavelength is
approximately 760 nm, the wavelength of maximum absorption of
deoxyhemoglobin. The spectral intensity in the vicinity of 760 nm in FIG.
15 shows a moderate decrease, however. Further, the LED that emits at 940
nm does not appear to contribute significant intensity to the measured
incident radiation. Accordingly, a different distribution of individual LED
sources might yield a composite spectrum better suited for measuring near
infrared reflectance spectra of blood, particularly one in which the 940 nm
LED is replaced with a LED having a peak emission wavelength closer to 760
nm. Depending upon the particular applications of the sensor, different
distributions of LEDs can be selected for use to improve the quality of
measured signals in the near-infrared region of the spectrum. Example 3 The
spectral emission from a set of LEDs is a convolution of the individual
emission spectra of the LEDs and the spectral response of the detector.
Even when each of the LEDs contributes approximately equally to the overall
emission spectrum, as shown in FIG. 15, measured emitted radiation in
certain portions of the spectrum can be weaker in intensity than in other
parts of the spectrum due to the detector's spectral response function, for
example. By way of illustration, in FIG. 15, the radiation intensity
between about 700 nm and 780 nm is weaker than the radiation intensity
between 780 nm and 860 nm. To adjust the spectral intensity profile of the
combined output of several LEDs, however, different driving voltages can be
applied to different LEDs to adjust the relative amount of radiation
emitted in different parts of the spectrum. Alternatively, or in addition,
the duty cycleof each of the individual LEDs can be adjusted, as discussed
previously. In Example 2, the LEDs of the first and second sets were
adjusted so that each LED received the same percentage of its maximum drive
current as the other LEDs in the same set. In this example, however, the
driving currents supplied to individual LEDs in the second set (or,
alternatively or in addition, the duty cycles of the LEDs in the second
set) were adjusted to increase spectral intensity between 700 nm and 780 nm
in the measured emission spectrum for the diode set. Individual 



diodes in the set were adjusted with the following driving currents
(expressed as a percentage of maximum driving current for each LED): 735
nm, 35%; 780 nm, 15%; 810 nm, 15%; 850 nm, 15%; 890 nm, 15%; and 940 nm,
15%. The adjusted LEDs yielded a composite emitted radiation spectrum as
shown in FIG. 16. In FIG. 16, the amount of spectral intensity from 700-
780 nm relative to the spectral intensity at 760 nm has increased relative
to the composite spectrum in FIG. 15. Accordingly, by adjusting the driving
currents applied to the LEDs, the duty cycle of the LEDs, or both, the
output from each LED can be controlled, affording control over the complete
spectral profile of the incident radiation, and permitting compensation for
certain hardware and/or intrinsic measurement limitations such as a
spectrally-varying detector response. Example 4 In general, by providing
increasing amounts of incident radiation, the one or more sources on the
sensors disclosed herein measure stronger reflectance signals, thereby
leading to more accurate determinations of parameters based on the detected
signals. However, LEDs generate heat during operation, and providing
increasing amounts of incident radiation using long-distance sources can
lead to heating of a patient's skin, for example, which can make the
determination of parameters based on measured radiation signals prone to
error. In establishing operating conditions that lead to the provision of
sufficient quantities of incident radiation to yield measured reflectance
spectra of sufficient quality to accurately determine values of parameters
such as oxygen saturation, care should be taken to avoid excessive heating
of the patient's skin. In a series of experiments, the effect of sample
heating was investigated by exposing a sample to incident radiation from a
set of LEDs while adjusting the overall intensity of the radiation produced
by the set. Intensity adjustments were performed by controlling
thepercentage of maximum operating current (e.g., from 0 to 100%) applied
to the LEDs, and by controlling the exposure time (e.g., the amount of time
during which the LEDs produce incident radiation and the detector measures
reflectance spectra from the sample). The amount of incident radiation
produced by the LEDs could also have been controlled by adjusting the duty
cycle of the LEDs, or by changing fixed resistors in the driving circuits
for each of the LEDs. Initially, operating conditions were identified that
resulted in uniform intensity illumination from all LEDs with exposure
times less than 5000 ms. The driving currents supplied to each of the LEDs
in this configuration, as a percentage of the maximum current for each LED,
were as follows: 735 nm, 35%; 780 nm, 15%; 810 nm, 15%; 850 nm, 15%; 890
nm, 15%; 940 nm, 15%. Then, a temperature study was performed to determine
a maximum allowable exposure time for the sample, and an appropriate duty
cycle to ensure that the sample temperature did not exceed 40 C.
Temperature studies were initially performed on silicone phantom samples.
The determined operating conditions for the LEDs were then confirmed by
further experiments on a human test subject to evaluate the effects of
temperature on blood flow in skin and muscle. In all experiments, two
microthermocouples were used. The first thermocouple was attached to a
glass window covering the plurality of long-distance sources on the sensor;
this thermocouple yielded a measurement of LED temperature. The second
thermocouple was attached to the phantom or test subject in a position
near, but not directly under, the sensor. The second thermocouple yielded a
measurement of the sample temperature. During the study, the goal was to
adjust the operating conditions of the LEDs while 



maintaining the temperature readings from both thermocouples below 40 C.
Temperature measurements were collected for 30 minutes. FIG. 17 shows a
plot of temperature measurement data from each of the thermocouples as well
as the calculated difference between the two, as a function of time, for
the human test subject. From the silicone phantom studies, it was
determined that the exposure time should be limited to a maximum of
approximately 4000 ms, and a 30 s delay should be implemented between
successive measurements. This protocol was evaluated on the human test
subject and produced a skin temperature increase of 4.5 C, but the
subject's skin temperature remained below 40 C. The oscillations that were
observed in the temperature measurements resulted from successive cycles of
4000 ms exposure of the sample followed by a 26 s cooling period. The
temperature relaxation during the cooling period isrelatively small in
comparison to the overall temperature increase during the sequence of
measurements. Example 5 In some cases, maximum exposure times of 4000 ms
may be too small to acquire spectral data of sufficient quality to extract
measurements of parameters such as oxygen saturation. To overcome this
difficulty, it may be possible to increase the detector's electronic gain
to enhance detection of relatively weak reflectance signals from samples.
This increased sensitivity can be achieved without increasing sample
exposure time, thereby preventing additional sample heating. Increasing the
detector gain can be particularly useful, for example, for subjects with
relatively dark skin and/or thin layers of fat between the skin surface and
the tissue of interest. A study was performed to investigate the effect of
different gain settings on spectral reflectance measurements. Three
different detector gain settings were used (nominally, 1.35X, 1.68X, and
2.0X). Measurements were performed on a silicone phantom sample, and on a
99% SPECTRALON(r) reflectance standard. Measurements were repeated six
times, collecting reflectance spectra corresponding to each of six
different long-distance sources each time. To ensure that the detector did
not saturate, the electronic gain was adjusted to the nominal 2.0X setting
and the incident radiation intensity was adjusted to yield a detector
reflectance signal of about 3500 counts. Measurements at each of the three
gain levels were normalized to measurements without electronic gain. FIG.
18 shows measurement results for the 99% SPECTRALON(r) reflectance standard
illuminated at a source-detector spacing of 30 mm. Results were similar at
the other sourcedetector spacings for the SPECTRALON standard, and for the
phantom sample. FIG. 18 shows the reflectance spectrum with no gain, and at
each of the three different gain levels (normalized to remove most of the
spectral envelope shape). The resulting gain spectra exhibit very little
wavelength dependence (e.g., in FIG. 18, pixel position on the ordinate
axis correlates with wavelength). Some variation is visible among the
results for the different gain levels in the first eight pixels;
accordingly, these pixels are not included in the calculated average gains.
Pixels 15-120 were used to determine the gain averages shown in FIG. 18.
Based on the calculated gain averages, it appears that for the particular
sensor used in these measurements, a nominal gain setting of 1.35X actually
yields a gain of 1.44X. Similarly,a nominal gain setting of 1.68X yields an
actual gain of 1.80X, and a nominal gain setting of 2.0X yields an actual
gain of 2.34X. The foregoing method can be used to investigate the
wavelength dependence of detector electronic gain and calibrate the various
gain settings for other sensors. Example 6 Prior to use, the sensors
disclosed herein are typically calibrated to provide accurate 



wavelength-specific measurements. The sensors determine reflectance and/or
absorbance spectra by calculating a ratio of reflected light intensity from
a sample to measured light intensity reflected from a reflectance standard.
To assess calibration stability of the sensors disclosed herein, a study
was performed to standardize an exemplary sensor against a 99%
SPECTRALON(r) reflectance standard (available from Labsphere, North Sutton,
NH). Radiation reflected from the 99% reflectance standard provided an
approximate measure of radiation emitted from the sources of the sensor.
The sensor's calibration was compared to the calibration of a fiber
optic-based probe that was performed in the same study. For both the sensor
and the fiber optic probe, experiments were also performed to measure
radiation reflected from 50% and 2% SPECTRALON(r) reflectance standards as
well (also available from Labsphere). To calibrate the fiber optic probe,
the probe was positioned a fixed distance above each reflectance standard,
a radiation source was activated to produce incident light, and the probe
was used to measure incident light reflected from the reflectance standard.
The height of the probe above the reflectance standard was selected to
yield spectral reflectance measurements that were as insensitive as
possible to small variations in probe height. In general, different heights
achieve this condition for long- and short-distance sources. In previous
experiments, suitable heights for the fiber optic probe were determined to
be 11mm for short-distance illumination, and 75 mm for long-distance
illumination. These heights were used in this study without further
investigation. The exemplary sensor was calibrated in a similar manner
against the 99%, 50%, and 2% reflectance standards. For the sensor, a
suitable height above the reflectance standards for shortdistance
illumination was determined to be 16 mm, and for long-distance
illumination, a suitable height was determined to be 65 mm. The study was
repeated for all pairs of short and long distance sources on the sensor,
under the additional constraint that the selected heights werethose that
yielded measured data that were the most insensitive to differences in the
long distance source-detector spacing. By standardizing the fiber optic
probe against known reflectance standards, calibration equations developed
for similar probes could be transferred to the probe in this study as
described, for example, in Soyemi et al., "Standardization method for
correcting spectral differences across multiple units of a portable near
infrared-based medical monitor," Proc. SPIE 5702: 135-142 (2005), and in
U.S. Patent Application Publication No. US 2007/01 12258, the entire
contents of each of which are incorporated herein by reference. The
calibration process permits compensation for variations among different
probes resulting from manufacturinginduced variability in optical
components, for example. To examine whether calibration equations developed
for other systems (e.g., fiber optic probes and/or other sensors of the
type disclosed herein) could be transferred to the sensor in this study,
the linearity of the measured response of the sensor, for both short- and
long-distance illumination of the sample, was investigated for the
different reflectance standards at five different wavelengths (725 nm, 760
nm, 800 nm, 840 nm, and 880 nm). FIGS. 19A and 19B show intensity
measurements from the different reflectance standards for the fiber optic
probe and the sensor, respectively, at each of the five different
wavelengths. FIGS. 19A and 19B correspond to a source-detector spacing of
30 mm. As shown in these figures, the measured intensity response of both
the fiber optic probe and the sensor scales approximately linearly with the
nominal reflectance of the standards. Accordingly, calibration equations
can be successfully transferred to both the fiber optic probe and the
sensor without significant errors due to nonlinear 



detector response. FIGS. 2OA and 2OB show intensity measurements from the
different reflectance standards at a source-detector spacing of 3 mm for
the fiber optic probe and the sensor, respectively. The measured intensity
response of both the fiber optic probe and the sensor scales approximately
linearly with the nominal reflectance of the standards, so that calibration
equations can be successfully transferred to both the probe and the sensor
for short-distance illumination as well. Sensors are typically
wavelength-calibrated to map specific detector pixels to particular
wavelengths of radiation. Various methods can be used to calibrate the
sensors disclosed herein for wavelength-dependent measurements. A study was
performed to evaluate differentwavelength calibration methods. The
calibration methods were each referenced to a single spectral peak in the
reflectance spectrum of a test subject. The test subject was subjected to
vascular occlusion for 10 minutes, followed by a one minute period of
exercise. Most hemoglobin in the subject's blood was converted to
deoxyhemoglobin via this procedure; deoxyhemoglobin has a characteristic
absorption peak at 760 nm. Two different radiation sources were used to
provide incident radiation for wavelength calibration. The first source
included six near infrared LEDs. The second source included three near
infrared laser diodes. The laser diodes typically had narrower spectral
emission peaks than the LEDs. The actual wavelengths of the emission peaks
of the individual LEDs and laser diodes were measured using a calibrated
spectrometer (Ocean Optics USB2000, available from Ocean Optics, Dunedin,
FL). The selected radiation source in a particular experiment was used to
either illuminate the sensor directly, or to illuminate a 99% reflectance
standard spaced from the sensor by a distance of 65 mm. For both types of
illumination, the radiation source was positioned in the same horizontal
plane as the sensor's detector, and spaced from the detector by 30 mm. The
sensor was used to measure either the direct illumination or the reflected
radiation from the standard. FIG. 2 1 shows wavelength calibration results
for different combinations of radiation sources and illumination geometries
for two different sensors ("V2" and "V5"). For each sensor, direct
illumination leads to detection of the 760 nm peak at a slightly different
pixel position than illumination with light reflected from the reflectance
standard. When these spectral results were compared with wavelength
calibration measurements recorded from a human tissue sample, it was
observed that detection of radiation generated by LEDs and reflected from
the reflectance standard produced a calibration that most reliably
reproduced the position of the dexoyhemoglobin peak at 760 nm in the human
tissue sample. Without wishing to be bound by theory, it is believed that
this calibration method produced the most accurate results, because it most
closely approximates experimental conditions when real tissue samples are
illuminated and their spectra measured. Accordingly, LED-based illumination
and detection of reflected light from a 99% reflectance standard was the
method selected for use to calibrate the sensors disclosed herein for
wavelength. During the course of the study, the main peak - attributed to
deoxyhemoglobin above - shifted to slightly different wavelengths. For
example, the peak appeared closest to 760 nm nearthe end of occlusion and
during exercise, and shifted to wavelengths further away from 760 nm during
recovery. Exemplary reflectance spectra demonstrating this effect are shown
in FIG. 22. Each of the spectra shown in FIG. 22 includes an admixture of
the pure spectra of both deoxyhemoglobin and oxyhemoglobin in a proportion
defined by the oxygen saturation parameter. The deoxyhemoglobin peak at 760
nm has a molar extinction coefficient of 1.67 



mM cm . Between 800 nm and 900 nm, deoxyhemoglobin has an extinction
coefficient of approximately 0.8 mM cm , while oxyhemoglobin absorbance
increases from about 0.8 mM cm at 800 nm to about 1.34 mM cm at 900 nm. As
the concentration of oxyhemoglobin increases during recovery, absorption at
wavelengths larger than 760 nm begins to increase relative to absorption at
wavelengths less than 760 nm, and so the overall spectral peak shifts to
longer wavelengths. FIG. 23 shows oxygen saturation calculated from the
reflectance spectra shown in FIG. 22 and plotted as a function of time.
During occlusion, as oxygen saturation falls and the proportion of
deoxyhemoglobin in the subject's blood increases, the deoxyhemoglobin peak
shifts closer to 760 nm. During recovery, as oxygen saturation increases
and the proportion of oxyhemoglobin in the subject's blood increases, the
deoxyhemoglobin peak shifts further away from 760 nm. Example 7 The various
source-detector spacings provided by the sensors disclosed herein permit
non-invasive interrogation of tissues that include overlying fat layers of
various thicknesses. A study was performed to determine the penetration
depth of radiation from various sources on the sensors. Two-layer phantoms
were prepared using methods described in, for example, Yang et al.,
"Simultaneous correction of skin color and fat thickness for tissue
spectroscopy using a twodistance fiber optic probe and orthogonalization
techniques," Optics Letters, 30: 2269-2271 (2005), the entire contents of
which are incorporated by reference. In the phantoms, fat was simulated
with agar containing a known amount of intralipid so that the reduced
scattering coefficient (ms ') is similar to that of fat. The fat layers
were poured into molds of known thickness to produce fat layers 2, 4, 6, 8,
10, and 20 mm thick, so that fat thicknesses between 2 mm and 20 mm in
increments of 2 mm could be obtained by combining no more than 2 phantoms.
Skin layers 1mm thick were molded to produce medium- and dark-toned skin
phantoms with reduced scattering coefficients adjusted to match the reduced
scatteringcoefficient of real skin by adding melanin to the phantoms (0.15
mg/mL and 0.25 mg/mL for medium- and dark-toned skin, respectively). A skin
layer was placed on a fat layer (consisting of one or two of the fat
phantoms), and the layers were placed on a black, highly absorbing support
material. Reflectance spectra were measured for each phantom using both a
fiber optic probe and one of the sensors disclosed herein. Spectra recorded
using the sensor were measured using a variety of different signal
acquisition times. To determine depth penetration of the incident
radiation, the intensity of the reflected radiation was measured as a
function of fat thickness. In theory, an S-shaped curve, as shown in FIG.
24, is expected to describe the relationship between reflected radiation
intensity and fat thickness. In particular, if radiation penetrates
completely through the skin and fat layers, it is absorbed by the black
support material; the measured reflectance signal is therefore relatively
small. However, when radiation only partially penetrates into the skin and
fat layers, a larger fraction of the incident radiation is reflected and
reaches the detector; thus, the measured reflectance signal increases. The
measured reflectance signal reaches a maximum when nearly all of the
incident radiation fails to penetrate the skin and fat layers and is
reflected (e.g., the plateau in intensity at large thickness values in FIG.
24). FIGS. 25A and 25B show reflected radiation intensity measured as a
function of fat thickness for phantoms with medium-toned (FIG. 25A) and
dark-toned (FIG. 25B) skin, respectively. In these figures, the lower
plateau region at small fat thicknesses is missing, indicating that none of
the incident radiation penetrates to the absorbing support material. This
situation is desirable; if the short-distance spectra included
contributions from radiation 



absorption by the tissue of interest, these contributions would be removed
from the corrected data that represents only the target of interest,
yielding erroneous data. The spectra in FIGS. 25A-B appear to level off
between fat thicknesses of 6 mm and 8 mm, indicating that shortdistance
illumination (at the particular selected short distance) can be used to
reduce the effects of overlying skin and fat layers of thicknesses up to
6-8 mm. FIG. 27 shows reflected radiation intensity as a function of fat
thickness for the same phantoms as in FIGS. 25A and 25B, but measured with
a fiber optic probe. The fiber optic results also indicate that for the
same short-distance illumination as in FIGS. 25A-B, the incident radiation
penetrates to a depth of 6-8 mm. Long-distance illumination experiments
were also performed on the tissue phantoms. Both the fiber optic probe and
the sensor were used to obtain reflectance spectra at a sourcedetector
spacing of 30 mm. FIGS. 26A and 26B show reflected radiation intensity as a
function of fat thickness for long-distance illumination, measured with the
sensor, for medium-toned and dark-toned skin phantoms. FIG. 28 shows
measurement results under similar conditions obtained using the fiber optic
probe. The data in FIGS. 26A-B and 28 show that the longdistance incident
radiation penetrates fat thicknesses of at least 8-10 mm, and still
provides a significant amount of signal from the underlying target. Even
for thicker fat layers, the measured intensities of the reflected radiation
have not reached an upper plateau, indicating the further information about
tissues underlying the fat layer may be obtained. The target concentration
dependence was also investigated in a series of measurements. Three-layer
phantoms including layers of muscle, fat, and skin were fabricated
according to the methods described in, for example, Yang et al., "Removal
of analyte-irrelevant variation in near infrared tissue spectra," Applied
Spectroscopy, 60: 1070-1077 (2006), the entire contents of which are
incorporated herein by reference. The absorber in the muscle layer was
India ink, and the scattering coefficient of the muscle layer was adjusting
by adding 20% intralipid. Three different concentrations of melanin were
used in the skin layers to produce light, medium, and dark skin tones. New
fat and skin layers were fabricated each time new muscle layers were
fabricated. All phantoms were refrigerated overnight and sealed to avoid
moisture loss. The composition of the various muscle, fat, and skin layers
are shown in Tables 1, 2, and 3, respectively.TABLE 1 TABLE 2 TABLE
3Phantoms consisting of materials representing muscle only, and of
materials representing muscle, fat, and skin, were measured in parallel
using both a fiber optic probe and an exemplary one of the sensors
disclosed herein. A neutral density filter was attached to the
short-distance source of the sensor to reduce the intensity of incident
radiation produced by the short-distance source. The output radiation
intensities of each of the selected short- and long-distance sources for
the sensor were adjusted by controlling the driving currents applied to
each of the LEDs in each source. Driving currents applied to the
short-distance source LEDs, expressed as a percentage of maximum driving
current for each LED, were as follows: 735 nm, 17%; 780 nm, 5%; 810 nm, 2%;
850 nm, 2%; 890 nm, 2%; and 940 nm, 2%. Driving currents applied to the
long-distance source LEDs, expressed as a percentage of maximum driving
current for each LED, were as follows: 735 nm, 35%; 780 nm, 15%; 810 nm,
15%; 850 nm, 15%; 890 nm, 15%; and 940 nm, 15%. Before undertaking
measurements with the sensor and the fiber optic probe, both the short- and
long-distance sources of the sensor and the probe were calibrated against
99%, 50%, 



and 2% SPECTRALON(r) reflectance standards as discussed above. The
measurement acquisition times were selected to achieve as many intensity
counts as possible on the sensor's detector as possible. All reference and
sample spectra were normalized according to the acquisition times prior to
performing further calculations based on the spectra. Following measurement
and normalization of spectra from the three-layer phantoms using both the
fiber optic probe and the sensor, the spectra were analyzed using partial
least squares (PLS) methods to predict the ink concentration in each
measured phantom. The total number of spectra in each set was 90. The
long-distance spectra were orthogonalized using the short-distance spectra
according to the method of Andersson (see, for example, Yang et al.,
"Simultaneous correction of skin color and fat thickness for tissue
spectroscopy using a twodistance fiber optic probe and orthogonalization
technique," Optics Letters 30: 2269-2271 (2005), and U.S. Patent No.
7,532,919, the entire contents of each of which are incorporated by
reference). Next, the orthogonalized spectra were processed by PCALC as
necessary, and the PLS model with cross validation was calculated. All
spectra and concentrations were mean centered. The cross validation method
included leaving random groups of 20% of all sample spectra out at each
pass until all spectra had been predicted. Cross validation of all spectra
was repeated for 20 iterations and averaged results were reported. The
model calculations wererepeated four times to obtain averaged correlation
coefficient (R2) and root mean-square error of cross-validation (RMSECV)
values. Residual plots of the sample spectra were examined for spectral
outlier candidates using Q residuals, Hotelling T2 residuals, Y Studentized
residuals, and Leverage plots. Q residuals were used to identify lack of
fit between spectra and the PLS model. Y Studentized residuals were used to
identify spectra with large differences between measured and predicted
concentrations. Hotelling T residuals and Leverage plots were used to
identify differences between an individual spectrum and the other spectra.
Samples with residuals much larger than the residuals of the rest of the
samples were taken to be indicative of measurement error. The foregoing
analysis was repeated for spectra with different pre-processing, and
spectra measured with two different instruments (e.g., two different
sensors). To determine whether RMSECV differences between instruments was
statistically significant, a formal statistical analysis of the
concentration residuals was performed for the orthogonalized set of spectra
(Andersson orthogonalization) after PCALC. The method used was a two-way
fixed effects ANOVA test of the concentration residuals for each sample
spectrum organized in two groups from each spectrometer. The residuals were
calculated as the square of differences between the mean value for a
particular sample and instrument and measured values for the sample and
instrument. Outlier samples from the two sets were removed from both sets
before analysis to ensure equal sample numbers (83) in each group. Results
from the PLS analysis for spectra measured with the fiber optic probe are
shown in Table 4. Applying PCALC preprocessing generally appears to improve
concentration prediction, as measured by the R and RMSECV values.
Orthogonalization appeared to contribute more to the improvement of results
than PCALC preprocessing. For this set of phantoms, orthogonalization
removed or reduced spectral interference from skin and fat layers, while
PCALC reduces spectral variations arising from the muscle layer that arise
from variations in the reduced scattering coefficient. The phantoms
investigated included only two different reduced scattering coefficients,
and the values of the different coefficients were still relatively
close.TABLE 4 



In the investigated phantoms, strong absorption of incident radiation by
the India ink limits the concentration range that can be investigated. As a
result, the concentration differences between different phantoms in the
study were relatively small (e.g., concentrations of 0.0055, 0.0060,
0.0065, 0.0070, and 0.0075% were used). Spectral variations due to such
small concentration differences can be comparable in magnitude to
variations due to other factors such as scattering of incident radiation in
the muscle and fat layers. In addition, India ink does not have well
defined spectral absorption peaks in the near infrared region; accordingly,
the spectral contribution of the India ink is convolved with the scattering
contribution from Intralipid. Similar problems do not arise for human test
subjects, which have well-defined absorption peaks, and in which
concentration-induced changes in hemoglobin spectra are readily identified.
TABLE 5 Table 5 shows the results from the PLS analysis for spectra
measured with the sensor. As in Table 4, the data in Table 5 show that
PCALC preprocessing of spectra provides improved prediction results, as
does spectral orthogonalization, for spectra measured with the sensor.ANOVA
results for significance level a= 0.05 showed a p-value of 0.769,
indicating that differences between RMSECV for similar (but different)
sensors is not statistically significant. To examine differences between
the performance of the fiber optic probe and the sensor on human test
subjects, a group of test subjects was subjected to an identical test
protocol on two separate occasions. Upon an initial visit to the research
laboratory, each subject underwent a test protocol that included cuff
occlusion at 90 mm over systolic blood pressure, followed by 1 minute of
handgrip exercise with occlusion. Reflectance spectra were measured using
the fiber optic probe. During the second visit to the laboratory (at least
48 hours later), each subject underwent the same protocol, and reflectance
spectra were measured with the sensor. The sensor was calibrated each day
against three different reflectance standards, as discussed above. The
sensor was attached to each subject's flexor digitorum profundus with
medical grade adhesive. Spectra were measured every 30 seconds and muscle
oxygen saturation was calculated throughout the entire protocol using
methods described in, for example, Yang et al., "Quantitative measurement
of muscle oxygen saturation without influence from skin and fat using
continuous-wave near infrared spectroscopy," Optics Express 15: 13715-13730
(2007), the entire contents of which are incorporated herein by reference).
To compare the results from different subjects, four time points in the
study were identified and muscle oxygen saturation values for all of the
subjects at each of the time points were averaged. The identified time
points were as follows: baseline (final 3 minutes before occlusion);
occlusion (final 3 minutes before hand grip exercise); exercise ( 1 minute
hand grip exercise and occlusion); and recovery (first 3 minutes after
occlusion released). Values of muscle oxygen saturation determined by the
fiber optic probe and by the sensor at each time point were compared using
a paired t-test with p < 0.05 considered significant. The muscle oxygen
saturation results for the fiber optic probe and the sensor are shown in
Table 6, and in FIG. 29. At all stages of the test protocol, the
measurement results obtained from the fiber optic probe and the sensor are
similar, indicating that the sensor is a suitable replacement for the fiber
optic probe in various applications.TABLE 6 The measured spectra were also
used to investigate the feasibility of using the sensor to determine muscle
pH. Typically, the method for calculating muscle pH depends more strongly
on the optical system used to obtain reflectance spectra than the method
used to calculate muscle oxygen saturation. Muscle pH is calculated from
the measured spectra using a partial least 



squares model which was developed for the fiber optic probe (see, for
example, Soller et al., "Noninvasive determination of exercise-induced
hydrogen ion threshold through direct optical measurement," Journal of
Applied Physiology 104: 837-844 (2008), the entire contents of which are
incorporated herein by reference). Small differences in spectra measured
with the fiber optic probe and the sensor were significant enough that the
PLS model equations developed for the probe could not be directly applied
to the spectra collected with the sensor. To investigate the feasibility of
developing muscle pH models directly for spectra measured with the sensor,
pH values determined using the fiber optic probe were used as "known" pH
values for PLS model development, relative to spectra measured using the
sensor at corresponding time points in the test protocol. Spectra measured
using the sensor were orthogonalized and outliers were removed. The model
accuracy was evaluated with "random subsets" cross-validation with 5 data
splits and 20 iterations. A model was developed for each separate test
subject.TABLE 7 Accuracy metrics for each of six test subjects are shown in
Table 7. The R values for each model provide an indication of the model's
trending capability, and the RMSECV values provide estimates of each
model's accuracy. FIG. 30 shows the correspondence between known and
calculated muscle pH values for one of the test subjects. In general, among
the test subjects, R2 values are high and RMSECV values are low compared to
the range of measured pH (6.9- 7.5). These results are comparable to data
obtained using pH measurement electrodes in rabbit muscle during vascular
occlusion (see, for example, Zhang et al., "Partial least-squares modeling
of near-infrared reflectance data for noninvasive in vivo determination of
deep-tissue pH," Applied Spectroscopy 52: 400-406 (1998), the entire
contents of which are incorporated by reference herein). The rabbit spectra
were obtained directly from muscle tissue, while in this study, the muscle
spectra were obtained by illuminating the muscle tissue through layers of
skin and fat, and correcting the measured spectra to reduce or eliminate
contributions from the skin and fat layers prior to model development. This
further suggests that the sensors disclosed herein can be used to obtain
accurate estimates of a wide variety of physiological parameters, including
parameters that are relatively sensitive to the optical arrangement used to
measure the reflectance spectra. OTHER EMBODIMENTS A number of embodiments
have been described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit and scope of
the disclosure. Accordingly, other embodiments are within the scope of the
following claims.WHAT IS CLAIMED IS: 1. A sensor, comprising: a circuit
board comprising an electronic processor; a plurality of radiation sources,
each source being attached to the circuit board; and a spectral detector
attached to the circuit board, the spectral detector being configured to
analyze radiation derived from one or more of the plurality of radiation
sources, wherein during use the sensor is configured to be worn on a
portion of a body of a subject; and wherein the electronic processor is
configured to cause two or more of the plurality of radiation sources to
direct incident radiation to the subject, to cause the spectral detector to
analyze radiation from the subject, and to determine one or more properties
of the subject based on the radiation from the subject. 



2. The sensor of claim 1, wherein the electronic processor is configured to
selectively adjust at least one of the radiation sources to produce the
incident radiation. 3. The sensor of claim 2, wherein the electronic
processor is configured to selectively adjust at least one of (i) a duty
cycle of, and (ii) an electrical drive current supplied to, each of the
radiation sources to produce incident radiation having a selected spectral
shape. 4. The sensor of claim 1, wherein the radiation sources comprise a
short-distance source positioned at a distance of 9 mm or less from the
detector, and at least two long-distance sources each positioned at a
distance of 10 mm or more from the detector. 5. The sensor of claim 1,
wherein the radiation sources comprise at least two short-distance sources
and at least three long-distance sources. 6. The sensor of claim 4, wherein
the electronic processor is configured to select one of the long-distance
sources to produce at least a portion of the incident radiation by
illuminating the subject with incident radiation produced by each of the
long-distance sources, measuring anabsorbance spectrum of the subject
corresponding to illumination by each of the long-distance sources, and
comparing the measured absorbance spectra to select one of the
long-distance sources. 7. The sensor of claim 6, wherein the comparing
comprises: for each of the long-distance sources, fitting the absorbance
spectrum corresponding to the long-distance source to a Taylor series model
for the subject's absorbance spectrum, and determining an average error
between the absorbance spectrum and the model; and selecting the
long-distance source corresponding to a smallest average error between the
absorbance spectrum and the model. 8. The sensor of claim 7, wherein the
comparing further comprises, prior to fitting the absorbance spectra
corresponding to the long-distance sources, correcting each of the
absorbance spectra corresponding to the long-distance sources to reduce
spectral effects due to layers of skin and fat in the subject using
information derived from an absorbance spectrum obtained by exposing the
subject to radiation from the short-distance source. 9. The sensor of claim
7, wherein selecting the long-distance source further comprises determining
whether the selected long-distance source satisfies a minimum suitability
criterion. 10. The sensor of claim 9, wherein determining whether the
selected long-distance source satisfies a minimum suitability criterion
comprises determining an average value (m) and a standard deviation (s) of
model fitting errors, and wherein the electronic processor is configured to
select the long-distance source if an average error between the model and
an absorbance spectrum corresponding to the selected long-distance source
is within an interval (m-3s, m+3s) . 11. The sensor of claim 10, wherein:
the radiation sources comprise two or more short-distance sources; and
wherein the electronic processor is configured to select a combination of a
short-distance source and a long-distance source to produce at least a
portion of the incident radiation by:illuminating the subject with incident
radiation produced by each of the shortdistance sources; measuring
absorbance spectra corresponding to each of the short-distance sources;
correcting each of the spectra corresponding to the long-distance sources
with each of the spectra corresponding to the short-distance sources;
fitting the corrected spectra to a Taylor series model for the subject's
absorbance spectrum and determining a fitting error between each of the
corrected spectra and the model; 



and identifying a combination comprising a short-distance source and a
long-distance source that corresponds to a smallest fitting error among the
corrected spectra. 12. The sensor of claim 1, further comprising a display
unit, wherein the display unit is positioned on a surface of the sensor
opposite to a surface through which the incident radiation is emitted by
the plurality of radiation sources, and wherein the display unit is
configured to display values of at least some of the one or more properties
of the subject and previously measured values of the one or more properties
of the subject. 13. The sensor of claim 1, further comprising a
communication interface comprising a wireless transmitter and receiver
configured to transmit data to and from the sensor, wherein the sensor is
configured to transmit the data over a network. 14. The sensor of claim 1,
wherein the one or more properties comprise at least one of oxygen
saturation, oxygen tension, pH, hematocrit, hemoglobin concentration,
anaerobic threshold, water content, and oxygen consumption of the subject.
15. The sensor of claim 1, wherein the electronic processor is configured
to maintain a non zero measured detector signal intensity within a
predetermined range of signal intensities during analysis of the radiation
from the subject.16. The sensor of claim 15, wherein maintaining the
detector signal intensity within a predetermined range comprises adjusting
at least one of an electronic gain of the detector and a signal acquisition
time to control the signal intensity. 17. The sensor of claim 15, wherein
maintaining the detector signal intensity within a predetermined range
comprises selecting a different one of the plurality of radiation sources
to direct incident radiation to the subject. 18. The sensor of claim 17,
wherein selecting a different one of the plurality of radiation sources
comprises selecting a different radiation source from among the radiation
sources positioned at a distance of 10 mm or more from the detector. 19.
The sensor of claim 17, wherein selecting a different one of the plurality
of radiation sources comprises selecting a different radiation source from
among the radiation sources positioned at a distance of 9 mm or less from
the detector. 20. The sensor of claim 1, wherein the electronic processor
is configured to provide information about the one or more properties of
the subject to a therapeutic device to control the therapeutic device. 2 1.
A sensor, comprising: a flexible mounting member comprising an adhesive
surface configured to attach directly to a sample and to assume a shape
corresponding to at least a portion of the sample when it attaches to the
sample; and a plurality of radiation sources, a spectral detector, and an
electronic processor attached to the mounting member, wherein the
electronic processor is configured to cause at least two of the radiation
sources to direct incident radiation to a sample, to cause the spectral
detector to analyze radiation from the sample, and to determine one or more
properties of the sample based on the radiation from the sample.22. The
sensor of claim 21, wherein the mounting member comprises a first
disposable portion that contacts the sample, and a second non-disposable
portion to which the plurality of radiation sources, the detector, and the
electronic processor are attached, wherein the disposable portion is at
least partially transmissive to near-infrared radiation and forms a window
through 



which incident radiation produced by the radiation sources passes to reach
the sample. 23. The sensor of claim 21, wherein the one or more properties
comprise at least one of oxygen tension, oxygen saturation, pH, hematocrit,
hemoglobin concentration, anaerobic threshold, water content, and oxygen
consumption of the sample. 24. A method for measuring one or more sample
properties, the method comprising: selecting one of a plurality of
radiation sources and directing radiation from the selected source to be
incident on the sample, detecting radiation from the sample, and
determining the one or more sample properties based on the detected
radiation, wherein the selecting comprises: for each one of the plurality
of radiation sources, measuring an absorbance spectrum of the sample by
exposing the sample to radiation from the radiation source; fitting the
absorbance spectra to a model for absorbance of the sample, and determining
an average fitting error for each spectrum relative to the model; and
selecting the source that corresponds to the spectrum with the smallest
average fit error. 25. The method of claim 24, wherein the selecting
further comprises correcting each of the absorbance spectra to reduce
spectral effects due to skin and fat layers in the sample prior to
determining the average fitting errors. 26. The method of claim 24, wherein
the selecting further comprises determining an average value m and a
standard deviation value srelated to the fitting errors, and selecting a
source for which the average fitting error determined from the absorbance
spectrum corresponding to the source is within an interval (m-3s, m+3s)
.27. The method of claim 24, further comprising, during the detection of
radiation from the sample, maintaining an intensity of a detected radiation
signal greater than zero and within a predetermined range of signal
intensities. 28. The method of claim 27, wherein maintaining the signal
intensity within a predetermined range comprises adjusting at least one of
an electronic gain of the detector and a signal acquisition time during
which the radiation is detected to control the signal intensity. 29. The
method of claim 27, wherein maintaining the signal intensity within a
predetermined range comprises selecting a different one of the plurality of
radiation sources to direct radiation to the sample. 30. The method of
claim 24, wherein the one or more sample properties comprise at least one
of oxygen saturation, oxygen tension, pH, hematocrit, hemoglobin
concentration, anaerobic threshold, water content, and oxygen consumption
of the sample. 




