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Abstract. [Purpose] The purpose of this study was to evaluate the correlation between the lumbar lordosis curve
(LLC) and temperature differences of the lower extremity regions in lumbar herniated nucleus pulposus (L-HNP) cases.
[Subjects] We divided the study subjects into patients with L-HNP (n=15) and normal persons (n=15). [Methods]  Both
the L-HNP group and control group were measured for LLC and temperature differences of the lower extremity regions
by X-ray and digital infrared thermal imaging (DITI). [Results] The LLC and temperature differences of the lower
extremity regions of the L-HNP group were significantly different from the control group. The LLC and temperature
differences of the lower extremity regions of the L-HNP group showed strong positive correlations. [Conclusion] We
found that as the LLC decreased, the difference in the temperature of the lower extremity regions in the L-HNP cases
increased.
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INTRODUCTION

Humans have an optimal spinal curvature for evenly
distributing the static or dynamic center of body weight
load. Lumbar lordosis is an important factor that determines
flexibility when lifting or lowering an object and at the time
of motion1). As the importance of lumbar lordosis has
become recognized, studies on lumbar lordosis of back pain
patients2), pregnant women3), and herniated nucleus
pulposus (HNP) patients have been conducted. Infrared
thermographic imaging was first reported in 1956 by
Lawson who showed its effects by applying it to a breast
cancer patient4). In 1982, Pochaczevsky et al. reported that
infrared thermographic imaging was also effective for HNP
diagnosis5). However, since thermographic diagnosis uses
liquid crystal thermography, which is ineffective for
detailed thermographic diagnosis, we adopted the digital
infrared thermal imaging method. Studies have been
conducted on lumbar lordosis and temperature differences
of the lower extremity region that represent the nerve
compression symptoms of  lumbar HNP (L-HNP)
patients5,6). However, limited research has been conducted
on the degree of lumbar lordosis and temperature
differences of the lower extremity regions of lumbar HNP
patients. In this study, we examined the correlation between

the degree of lumbar lordosis and the temperature difference
of the lumbar region and lower extremity regions.

SUBJECTS AND METHODS

The subjects of this study were 15 L4-5 HNP patients in S
Hospital, Daejeon, Korea, whose condition  had been
verified by magnetic resonance imaging (MRI) by
radiologists and neurosurgeons, and 15 normal adults, the
control group. The age of the subjects ranged from 15 to 45
years. Lumbar lateral surface radiographic images of the 30
subjects were taken, and the left and right temperature
differences between the lumbar region and the lower
extremity regions were measured with digital infrared
thermal imaging (DITI). Patients with a history of surgical
treatment of the lumbar region, patients with lumbago
accompanied by systematic disease (cancer), rheumatic
disease, or pressure fracture, and a patient who showed a
nervous system abnormality were excluded from the
experimental analysis. The objectives of the research and
overall experimental procedures were sufficiently explained
to the participants, and all patients voluntarily consented to
participate in the study.

The average age of the L4-5 HNP group in the study was
35.3 ± 5.5 years: average height was 166.6 ± 8.4 cm, and



J. Phys. Ther. Sci. Vol. 23, No. 1, 201138

average weight was 62.7 ± 8.3 kg. The average age of the
control group was 32.4 ± 4.2 years: average height was
166.2 ± 6.5 cm, and average weight was 63.6 ± 9.7 kg.
Gender differences between the groups were analyzed using
the chi-square test, and the independent t-test was used to
analyze group differences in age, height, and weight. Based
on these tests, there were no significant differences between
the groups (p>0.05), confirming their homogeneity Using
the radiographic images of the L4-5 HNP patients and
normal adults, lumbar lordosis was determined by Cobb’s
angle ,  which  i s  a  parameter  of  lumbar  lordos is
measurement ,  with  a  Full  Picture Archiving and
Communications System (PACS). For radiographic
imaging, subjects were asked to stand in the most
comfortable and natural position, keeping the lateral gravity
line vertical, and relaxing the lumbar and pelvic muscles as
much as possible. The images were taken from 1 m distance
by one radiographer with X-ray equipment (DLD-150 RK,
Dong-A, Korea) and 14×17-inch film. The lumbar lordosis
was measured by drawing extension lines backwards,
parallel to the top of the superior L1 vertebral body and
parallel to the top of the sacral vertebra; and Cobb’s angle,
angle (A) was measured as the intersection of the
perpendiculars of these two lines (Fig. 1)7).

In addition, the temperature differences between the
right and left lower extremity regions of the L4-5 HNP
patients and the normal adults were measured by DITI
(IRIS-XP, medi-core, Korea). Following the standards of
the U.S. International Academy of Clinical Thermology
(IACT), the subjects were asked to avoid drug treatment,
physical therapy, bathing, and any other factors that might
induce body surface temperature change before the test. All
t h e  p roc edu res  i n  t he  ex pe r i me n t  a nd  i n f r a re d
thermographic imaging were carried out in a sealed infrared
thermographic imaging room with controlled air flows,
where sunlight and heat from outside were blocked and the
temperature (23–24 °C) and humidity (60%) were kept
constant. Entry of unrelated persons and the movement of
patients were prohibited during the experiment. After
arriving at the experiment location, the subjects rested for
15 min and changed into gowns for the experiment. The
temperature was measured at the lumbar erector spinae
region (LESR), tibialis anterior region (TAR), ankle
anterior region (AAR), calf region (CR), ankle posterior
region (APR) and foot arch region (FAR), and the average
body surface temperature difference of the right and the left
regions was recorded (Fig. 2)8).

The measurement data were analyzed with SPSS 12.0 KO
(SPSS, Chicago, IL, USA) statistical software and are
presented as means and standard deviat ions.  The
significance test of the difference between the two groups
was performed using the independent t-test, and correlations
between the lumbar lordosis and temperature differences at
the lower extremity regions were examined with Pearsons
correlation coefficient. A statistical significance level of
0.05 was used for all data.

RESULTS

The lateral surface radiographic images of the L4-5 HNP
group and the control group were analyzed by Full PACS
imaging, and a DITI diagnosis was carried out. The results
show that LLC (lumbar lordosis curve), LESR, TAR, AAR,
APR, and FAR of the L-HNP group were significantly
different from those of the control group (p<0.05) (Table 1).

LESR, TAR, AAR, CR, APR, and FAR in the L4-5 HNP
group showed negative correlations with LLC, indicating
that the temperature differences between the right and left
sides of LESR, TAR, AAR, APR, and FAR increased as
lumbar lordosis decreased. Particularly, LLC and the
temperature difference at the LESR showed a strong
negative correlation (Table 2).

DISCUSSION

Although infrared thermographic imaging is usually used
for diagnosis of inflammatory diseases, such as rheumatoid
ar th r i t i s ,  i t  was  recen t ly  repor ted  tha t  in f ra red
thermographic imaging is reliable in the measurement of
cutaneous temperature at the spinal level9). Another study
reported that right and left body temperature correlation
analysis by infrared thermographic imaging of the cervical
area and the lumbar area showed strong significant
correlations in the lumbar area and weaker significant
correlations in the cervical area10).

In this study, we showed that the L4-5 HNP group had less
lumbar lordosis and greater temperature difference at the

Fig. 1. Cobb’s angle was measured as the
intersection of the perpendiculars of the
lines drawn across the superior end-plates
of L1 and S1.
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lumbar region and lower extremity regions than the control
group. The L4-5 HNP group showed a temperature
difference 0.4–0.9 °C at the lumbar and lower extremity
regions.

Song et al. (1998) reported that central-type HNP patients
had a significant temperature difference between both lower
legs in contrast with a control group11). Pochaczevsky et al.
reported that a high temperature was found in the central
lumbar region when the nerve root was pressed as nerve
muscle stimulation was transmitted to the skin region, while

a low temperature was found at the lower legs by
vasoconstriction5). They also reported that a temperature
difference of more than 1°C between the lower legs is
abnormal. However, according to Uematsu et al., even a
temperature difference over 0.1°C is significant6).

In this study, the LESR, TAR, AAR, CR, APR, and FAR
in the L4-5 HNP group showed negative correlations with
LLC, and especially LLC and the temperature difference at
LESR showed a strong negative correlation. We suggest
that the body surface temperature difference at the lumbar
region and lower extremity regions was caused by
compression of the spinal nerve as normal lumbar lordosis
was absent.

Zaproudina et al. examined correlations among a pain
visual analog scale, spinal mobility tests, and infrared
thermography with 24 lowback pain (LBP) patients, 41 leg
pain patients, and 20 controls, and reported that pain
intensity and plantar surface temperature difference in LBP
patients showed a positive correlation. The plantar surface
temperature difference was 0.1°C in the control group,
0.6 °C in the LBP patients with leg pain, and 2.1 °C in back-
operated patients (L5-S1 disk herniation) 1 month later12). In
addition, Wu et al. compared infrared thermography and
pain intensity before and after manual therapy and short-
wave diathermy and reported that they showed a strong
positive correlation (r=0.67)13).

In the above-mentioned studies, lumbar lordosis was less
and the temperature difference at the lumbar and the lower
extremity regions was greater in L4-5 HNP patients than in

Table 1. Comparison of LLC and right-left temperature differences of LESR, TAR, AAR, CR,
APR, FAR in L4-5 HNP patients and normal controls(unit: °C, only LLC unit:
degree)

Category L4-5 HNP Control

LLC* 34.04 ± 4.76 46.17 ± 3.49
LESR* 36.29a 35.89b 0.40 ± 0.17 36.58 c 36.43 d 0.14 ± 0.08
TAR* 34.45 33.96 0.49 ± 0.19 33.50 33.35 0.15 ± 0.10
AAR* 32.74 31.88 0.86 ± 0.69 32.11 31.95 0.16 ± 0.08
CR 33.67 33.41 0.26 ± 0.18 33.83 33.61 0.22 ± 0.10
APR* 32.10 31.37 0.73 ± 0.47 31.50 31.35 0.15 ± 0.08
FAR* 31.70 30.83 0.87 ± 1.04 31.39 31.12 0.27 ± 0.06

*: p<0.05. LLC : lumbar lordosis curve, LESR : lumbar erector spinae region, TAR : tibialis anterior region,
AAR:ankle anterior region, CR : calf region, APR : ankle posterior region, FAR : foot arch region.
a: Unaffected side, b: Affected side, c: Left side, d: Right side.

Table 2. Correlations between LLC and right-left temperature differences of LESR, TAR,
AAR, CR, APR, FAR in L4-5 HNP cases

Category LLC LESR TAR AAR CR APR FAR

LLC 1.00
LESR –.717** 1.00
TAR –.601** .379** 1.00
AAR –.512** .272 .524** 1.00
CR –.249 .238 .016 .048 1.00
APR –.648** .316 .677** .785** .048 1.00
FAR –.433** .120 .482** .823** –.147 .730** 1.00

**p<0.01.

Fig. 2. Six regions of interest around the lower extremities were
measured using thermography.
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normal controls. We also found that as the abnormality of
lumbar lordosis of L4-5 HNP patients became more serious,
the temperature difference at the lumbar region and the
lower extremity regions became greater, especially at the
lumbar region. Our results indicate that the importance of
lumbar lordosis needs to be recognized in the treatment of
L-HNP patients.
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3) Otman AS, Beksaç MS, Başgöze O: The importance of ‘lumbar lordosis
measurement device’ application during pregnancy, and post-partum
isometric exercise. Euro J Obstet & Gynecol and Reprod Bio, 1989, 31: 155–
162. 

4) Lawson R: Implication of surface temperatures in the diagnosis of breast
cancer. Canada MAJ, 1956, 75: 309–310.

5) Pochaczevsky R, Wexler CE, Meyers PH, et al.: Liquid crystal
thermography of the spine and extremities. Its value in the diagnosis of
spinal root syndromes. J neurosurg, 1982, 56: 386–395.

6) Uematsu S, Jankel WR, Edwin DH, et al.: Quantification of thermal
asymmetry. Part 2: Application in low back pain and sciatica. Journal of
Neurosurg, 1988, 69: 556–561.

7) Carvalho DD, Soave D, Ross K, et al.: Lumbar Spine and pelvic posture
between standing and sitting: A radiologic investigation including reliability
and repeatability of the lumbar lordosis measure. J Manipulative  Physiol
Ther, 2010, 33: 48–55.

8) Korean society of diagnositic thermology: Practical manual of clinical
thermology. seoul: medical publishing, 2003, 91–93. 

9) Roy RA, Boucher JP, Comtois AS: Effects of a manually assisted
mechanical force on cutaneous temperature. J Manipulative Physiol Ther,
2008, 31: 230–236.

10) Roy R, Boucher JP, Comtois AS: Validity of infrared thermal measurements
of segmental paraspinal skin surface temperature. J Manipulative Physiol
Ther, 2006, 29: 150–155.

11) Song BK, Lee JD, Pak YH, et al.: The study on the infrared thermographic
imaging in diagnosis of the central type of herniated disc. The journal of
Korean Acupuncture & Moxibution Society, 1998, 15: 301–310.

12) Zaproudina N, Ming Z, Hänninen O: Plantar infrared thermography
measurements and low back pain intensity. J Manipulative Physiol Ther,
2006, 29: 219–223. 

13) Wu CL, Yu KL, Chuang HY, et al.: The application of infrared thermo-
graphy in the assessment of patients with coccygodynia before and after
manual therapy combined with diathermy. J Manipulative Physiol Ther,
2009, 32: 287–293.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


