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ABSTRACT

Background: In patients with Hereditary Multiple Osteochondromas (HMO) shortening and deformity of the long bones is a
well-known sequel. Several theories could clarify the cause of shortening or deformity.
Methods: To reveal the development of the long bones and the influence of the osteochondromas on the growth we used
time-lapse technique. Radiographic images, taken for clinical reasons, of 6 HMO affected patients with known osteochondromas
on the distal end of the lower arm were selected and adapted to make them suitable for use with a time-lapse technique. The
images were placed in chronological order. The ulnar shortening, lunate position and radial inclination were registered, as
were the clinical problems. The hypothesis being that slow occurring developmental deformities are easier comprehended and
qualitatively studied when the changes are accelerated.
Results: None of the patients had radial head dislocation at the elbow. The majority of the wrists had decreased ulnar length
and increased radial inclination. The clinical problems were limited. The osteochondromatic growth did not seem related to the
wrist growth, but when the inclination of the radius was steep osteochondromas were present in the distal radius and the ulna was
shortened. Some osteochondromas disappeared.
Conclusions: Time-lapse videos of wrists of patients with HMO showed no relation between growth of wrists and osteochondro-
mas but it did show osteochondromas disappearing. A steep radial inclination seems related to ulnar shortening and might be due
to proximity of radial osteochondromas. Patients had marked radiological changes, but relatively few clinical problems.
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1. INTRODUCTION

Patients with Hereditary Multiple Osteochondromas (HMO)
or Hereditary Multiple Exostosis suffer from an autosomal
dominant inherited disease that causes osteochondroma for-
mation. Osteochondromas are characterised by the outward
growth of cartilage-capped bone tumors on the long bones;

the bone marrow cavity is continuous with the normal bone
cavity.[1, 2] They are most often found on the metaphysis. Os-
teochondromas develop in the first decade of life and cease
to grow until the patient reaches skeletal maturity. Patients
with HMO can suffer from pain and discomfort when osteo-
chondromas put pressure on the overlying structures such as

∗Correspondence: Heleen M. Staal; Email: h.staal@mumc.nl; Address: Department of Orthopaedic Surgery, Research school CAPHRI, Maastricht
University Medical Centre (MUMC+), Maastricht, The Netherlands.

Published by Sciedu Press 57



http://ijdi.sciedupress.com International Journal of Diagnostic Imaging 2017, Vol. 4, No. 2

tendons, nerves or even the spinal cord.[3] Besides discomfort
and pain in almost half the population, HMO leads to growth
disturbances including Madelung-like deformity (40%-60%),
unequal limb length (10%-50%), joint deformity (2%-55%)
and a disproportionally short stature (37%-45%).[4–7] The
deformities slowly develop over time during skeletal growth.

About half of the patients develop wrist deformities resem-
bling Madelungs deformity. Madelungs deformity was first
described by Otto W. Madelung in 1878 as an epiphyseal
growth plate disturbance characterized by dorsal and radial
bowing of the radius.[8] In HMO patients a forearm pseudo-
Madelungs deformity is described with shortening of the
ulna and secondary bowing of the radius.[9] The deformity
has cosmetic effects and decreases grip strength. Treatment
remains controversial since the outcome is moderate.[10, 11]

The aim of this study is to increase understanding of devel-
opment of the wrist in HMO over time. To visualize the slow
developing deformity the time-lapse technic is used. The
hypothesis being that slow occurring developmental deformi-
ties are easier comprehended and qualitatively studied when
the changes are viewed in accelerated sequence.

2. PATIENTS AND METHOD

In general if growth is slow it is difficult to visualize. To
facilitate the observer we can accelerate the growth of the
viewed subject by taking images of the subject at regular
times during growth and view them in an accelerate way
just like we can, for example, observe a tree growing over
30 years time in a one minute timeframe. This technique is
called time-lapse. Time-lapse is defined as “photographic
technique of taking a sequence of frames at set intervals
to record changes that take place slowly over time”. This
time-lapse technique was used on radiographs taken of 11
wrists of 6 patients diagnosed with HMO with at least one
osteochondroma on the distal forearm. The anterior-posterior
and lateral radiographs of the wrists were collected over a
minimum of 5 years. The patients’ ages varied between 7
and 15.

All of the selected wrist images were identically scaled and
then framed in a similar fashion. The grey scale was ad-
justed using adobe Photoshop. In the frames the anterior-
posterior images were placed in a chronological order by
using Keynote. To properly outline the images a fixed point
was selected at the base of the osteochondroma nearest to
the radial epiphysis. The view time per image was 3 seconds.
In all images the ulnar shortening, lunate position and radial
inclination were registered and shown in the last image (see
Figure 1). The clinical problems of the wrist were registered
from the patient charts.

Ethical review committee statement
The study involves human data, but our ethical board has
granted a waiver or the study does not require approval in our
country, therefore an ethical approvement is not necessary.

Figure 1. Still from video 10, last frame showing radial
inclination of 29.2 degrees and a osteochondroma of the
radius on the ulnair side

3. RESULTS
Videos of the wrists can be viewed on webpage: https:
//orthopedie.mumc.nl/hme-mo-videobeelden-van
-de-ontwikkeling-van-exosten. All of the forearms
had distal osteochondromas, 3 on the radius alone, 1 on
the ulna alone and 7 on both ulna and radius. Patient nr 10
underwent a resection of a large osteochondroma. Of all 11
wrists, 9 had a shortening of the ulna. The inclination of the
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radius was increased in all patients (above 25 degrees) and
over 30 degrees in 6 of the 11 wrists. The lunate was slipped
over 50% in 3 of the 11 cases and between 25%-50% in the
remaining 8.

Clinical problems
None of the patients had a radial head dislocation at the el-
bow. Two patients had a marked ulnar drift and a decreased
radial movement from 10 degrees. In one of these two pa-
tients the volar flexion was limited to 50 degrees. One patient
had a limited supination of 70 degrees. One patient used a
wrist brace for pain relief during repetitive activities.

Adapting the radiographs in this manner showed the growth
of osteochondromas in relation to the growth of the wrists.
In the ulnar length no clear relation could be found with the
proximity of osteochondromas on the distal ulna. The radial
deformity seemed more sever when osteochondromas were
present in its proximity (5 out of 6) of the distal radius. It
also seemed related to the shortening of the ulna (6 out of 6).

Remarkably in the videos of patient nr 2 and patient nr 9, the
osteochondromas on the ulnar side of the radius disappear,
without surgical intervention.

4. DISCUSSION
In the selected wrists the majority had shortening of the ulna
and increased radial inclination. Only 3 out of the 11 wrists
showed a carpal slip over 50%. The deformity of the wrists
in HMO develops slowly over time and can be visualized
using the time-lapse technic. The study shows that some
patients had a gradually shorting of the ulna, which was not
directly depending on the growth of osteochondromas. The
radial deformity seems more depended on the proximity of
radial osteochondromas.

The described development of a Madelung-like deformity at
the wrists of about half of the HMO affected patients could
not completely be seen in the patients from this study.[12–14]

The described shortening of the ulna however was clearly
visible in the majority of the patients. In our patient group
only one patient suffered from wrist pain and three patients
had decreased wrist function. One patient was operated upon
to resect a large radial osteochondroma oppressing the ulna.
Even after resection this patient had a decreased volar flexion.
The involvement of the upper-limb bones by HMO should
be associated with greater loss of function because of the
paired bones as described by Abe et al.,[15] but many authors
underline that deformities of the upper extremity in patients
who have HMO are well tolerated and lead to little loss of
function as seen in our study.[16–19]

The relationship between the ulnar length and the sliding of

the lunate could not be found. However there seemed to be
a relationship between the radial inclination and the ulnar
shortening.

A study by Burgess et al. described no correlation between
the radial articular angle and the ulnar position.[13] However,
the study by Gottschalk et al. - who separated the different
types of forearm deformity - found a correlation between
the growth arrests in the ulna, caused by osteochondromas,
that preceded the deformity seen in the distal radius in one
subgroup.[12] Possibly in some types of growth disturbance
the ulnar growth can influence the radial development or vice
versa.

The most obvious deformity in the HMO wrists is the ul-
nar shortening. This automatically leads to a disruption of
the distal radio-ulnar joint (DRUJ). Many others have de-
scribed this problem.[14, 20–22] Notwithstanding the joint de-
formity, the function of the DRUJ stays intact. However, the
marked shortening is considered important in the planning
of treatment for forearm deformities.[12–15, 22–26] Some advo-
cate early aggressive management to prevent deformity and
disability[14, 17, 21–23, 26–31] and others are more conservative
and have reported satisfactory function in skeletal mature
patients without surgical intervention.[4, 16] The natural his-
tory of wrist deformity in HMO remains unknown and the
role and timing of surgical treatment therefore controver-
sial. Perhaps monitoring the changes over time can help
unraveling the natural history. Time-lapse technic itself is
very suited for monitoring changes in time. However, the
presented study has limitations and disadvantages. The first
limitation is the difference in projection of the wrists. Not
all of the radiographs are taken in the exact same position.
The position of the wrist and hand vary in several images
making it more difficult to compare the successive images.
The second limitation is the difference in time in-between the
radiographs. Not all intermediate times were similar making
the interpretation of the changes difficult.

A clearly disappearing osteochondroma was found in two
patients. Yanagawa et al. described the disappearing of os-
teochondromas in 2001.[32] They considered recovery of
normal skeletal growth control as most likely mechanism.
They further stated that in osteochondromas with fracture
an alteration of vascular supply might contribute to growth
arrest. In the two patients in this study no fracture of the
osteochondromas was seen.

A disadvantage of taking multiple radiographs is exposing
children to ionizing radiation. Besides the exposure to radi-
ation the radiographs only show a two-dimensional image.
In future studies the use of standardized MR images of the
wrist used in a time-lapse manner could counter these disad-
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vantages. These images could show the epiphyseal cartilage
and the deformity of the joints more clearly, making a three-
dimensional time-lapse possible. Hopefully this will lead to
a better understanding of the developmental deformities in
the wrists of HMO patients.

5. CONCLUSION
Time-lapse technique is suitable to monitor growth of wrists
in HMO patients. It showed no direct relationship between

growth of wrists and osteochondromas but it did show osteo-
chondromas disappearing. A steep radial inclination seems
related to ulnar shortening and might be due to proximity of
radial osteochondromas. Patients had marked radiological
changes, but relatively few clinical problems.
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