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Editorial on the Research Topic

Innovative Therapies in Bone Biology: What can be Learned from Rare Bone Diseases?

INTRODUCTION

Due to their rarity and heterogeneity, rare bone diseases have been overlooked in recent decades, but
the tide is turning. New developments in research models [see also the related, simultaneously
hosted Research Topic “Innovative Models in Bone Biology: What can be Learned from Rare Bone
Diseases?” (1)] and genetics help to gain more insight into the pathogenesis. But there is still a long
way to go before effective treatments will be found for the various rare bone diseases.

In this Research Topic, 13 articles describe innovative and up-to-date options to improve the
present treatment of rare bone diseases, including organization of care, setting up partnerships,
innovative treatment monitoring, reuse of existing therapies and the developmental route to new
therapies for various rare bone diseases.

HOW TO ORGANIZE PATIENT CARE AND ENTER INTO
PARTNERSHIPS TO ENABLE OPTIMAL CARE AND SUPPORT
FOR NEW TREATMENT OPTIONS?

Due to the often extreme manifestation of rare bone diseases, collaboration of dedicated specialists
and researchers with specialized expertise targeting this small number of patients is necessary to
improve good clinical care. An organizational form that can achieve such shared goals through a
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committed, valued mentality of the employees is the
organizational collaboration model, a good working example of
which is described in a stimulating way in the article
“Collaboration on rare bone diseases leads to the Unique
Organizational Drive of the Amsterdam Bone Center” (Eekhoff
et al.).

INNOVATIVE MONITORING OPTIONS OF
NEW TREATMENTS

Change in bone properties during a new therapy can be
monitored in vitro by analyzing sequential bone biopsies.
(Treurniet et al.) provide an update on new options to
characterize and explore these biopsy features. A summary of
the current numerous techniques is elegantly described.
Interestingly, it is now also possible to directly evaluate some
properties of bone that contribute to bone strength, in vivo. This
is possible with impact micro-indentation (IMI). Schoeb et al.
describe its current developments and applicability.
Unambiguous international methods and cut-oft points/
definitions for recording clinical measurements is of great
importance. This becomes clear in an interesting overview of
the current knowledge and clinical implications of
hyperkyphosis on health by Koele et al. They show that when
not using a fixed standard definition, the power of pooling many
research results is complicated and thus hinders interpretation of
the various studies. When not using the same standard
definition, it is hard to compare (intervention) studies

on hyperkyphosis.

NEW TREATMENT OPTIONS FOR RARE
BONE DISEASES BY REUSE OR BY
INNOVATIVE APPROACHES

Following a previously described concept, in a bone graft-
implant study, commonly used medication was successfully
and innovatively re-applied by Bhadada et al. for pain relief in
a patient with fibrous dysplasia. In this study, intralesional
administration of bisphosphonates was found to be more
effective than intravenous administration. Likewise,
bisphosphonates had a positive treatment effect in patients
with sternocostoclavicular hyperostosis. Here, intravenous
pamidronate was effective in reducing pain and improving
shoulder function and also led to decreased bone turnover on
skeletal scintigraphy Leerling et al.

While great progress can be made in understanding the
pathogenesis of a disease, developing effective therapy can still
be lagging behind, which has been elegantly described
by Ralston and Gaston. They wrote a comprehensive review
of current knowledge and future treatment options for
Osteogenesis Imperfecta (OI). While explaining the
shortcomings that remain in the current treatment, possible
new treatment options were put into perspective, including

the ongoing “reuse” studies and the status of new
drug development.

Kloen et al. describe a combined surgical approach to address
a non-union fracture along with a novel patellar fracture in a
patient with OI. These fractures are among the rare injuries
associated with a disrupted quadriceps extension mechanism in
patients with OL They put the result of this operation in the
context of a literature review, which encourages to consider new
combined approaches in OI surgery, if needed.

By monitoring treatments given for other concomitant
diseases such as cancer, there is also a lot to learn about its
effect on the underlying rare bone disease itself, as is the case with
radiotherapy in fibrodysplasia ossificans progressiva (FOP). In
this way, based on a case study and literature, possible future
radiotherapy options for FOP lesions have been put into
perspective by Botman et al.

In addition, Botman et al. showed in a second article that in
emergency situations, surgery can be mandatory for an FOP
patient. Such decisions require stringent innovative collaboration
between various experts.

NEW CHALLENGING SOLUTIONS FOR
RARE BONE DISEASES

An example of a new bold procedure to solve a clinical problem
in a patient with Gorham-Stout disease is presented in the article
by de Keyser et al. In this article the authors give an interesting
review on the current knowledge of this very rare bone disease
for which still no real or proven treatment options exist.

INNOVATIVE RESEARCH AND
COLLABORATIVE APPROACHES TO FIND
A CURE FOR RARE BONE DISEASES:

At present, the importance of different types of generated mouse
models, human cell models and mutual collaboration in research
is of great importance to find a good and effective therapy for
various complex rare bone diseases. This also concerns fibrous
dysplasia and McCune Albright syndrome, which are caused by a
postzygotic mutation in the GNAS gene, leading to mosaic
expression. The background of this rare bone disease, the
current state of research and the difficulty and importance of
finding a better therapy is explained and summarized by
Lung et al.

A 1-week international scientific workshop on FOP provided by
and according to the concept of the Lorentz Center has led to a
concise overview of current knowledge and scientific gaps,
described by de Ruiter et al. Such workshops are of vital
importance in rare bone disease research, since bringing all
researchers on a rare bone disease together provides an effective
platform to update each other on the latest research. It further
contributes to a clear roadmap for future research, joint efforts and
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the scientific steps to be taken to find a cure for FOP. This
workshop is an example of how international cooperation can
be promoted.

CONCLUSION

The 13 contributions to this Research Topic on innovative
therapies in rare bone diseases have highlighted the progress
and developments of potentially new treatment options,
treatment monitoring, collaboration and improvement of care
in rare bone diseases.

It is clear that much research remains to be done. Only
through increased knowledge of the underlying cellular
processes, we can initiate new research models. These will
lead to new drugs or to reuse of existing drugs. Above all,
through collaboration, this can lead to novel treatment options
to the benefit of the patient. The current topic provides a
comprehensive overview of the status of some important rare
bone diseases, with special emphasis on novel treatments.

REFERENCES

1. de Vries TJ, Van Hul W, Eekhoft EM. Editorial: Innovative Models in Bone
Biology: What can be Learned From Rare Bone Diseases? Front Endocrinol
(2022) 13:892799. doi: 10.3389/fend0.2022.892799

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

These described novelties may inspire others and can serve as
an example or guideline for new developments in research,
collaboration and care pathways in other rare bone diseases.

AUTHOR CONTRIBUTIONS

EE designed, wrote, and submitted the editorial. TV, RS and WH
contributed to the design, writing and editing of the editorial.
All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

We thank Gudrun Stenbeck, Guillaume Mabilleau, Elaine
Dennison, editors of Frontiers in Endocrinology, for managing
five manuscripts that had a conflict of interest with the editors of
this topic.

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Eekhoff, de Vries, Sakkers and Van Hul. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

June 2022 | Volume 13 | Article 928667


https://doi.org/10.3389/fendo.2022.892799
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Editorial: Innovative Therapies in Bone Biology: What Can Be Learned From Rare Bone Diseases?
	Introduction
	How to Organize Patient Care and Enter Into Partnerships to Enable Optimal Care and Support for New Treatment Options?
	Innovative Monitoring Options of New Treatments
	New Treatment Options for Rare Bone Diseases by Reuse or by Innovative Approaches
	New Challenging Solutions for Rare Bone Diseases
	Innovative Research and Collaborative Approaches to Find a Cure for Rare Bone Diseases:
	Conclusion
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


