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Special Review: Accelerating fracture repair
in humans: a reading of old experiments and
recent clinical trials
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Based on their mode of action and preclinical data, one would expect bisphosphonates to improve the healing of

fractures in cancellous bone, and bone morphogenetic proteins (BMPs) to reduce the risk of non-union in severe shaft

fractures. Parathyreoid hormone (PTH) can be expected to accelerate fracture healing in general. The clinical data

in support of this is meager. Stimulation of cancellous bone healing and strength by bisphosphonates has been

inadvertently shown in the context of implant fixation, but not convincingly in fractures per se. The clinical BMP literature

is confusing, and the chance of ever demonstrating reduced numbers of non-union are small, due to power issues. Still,

acceleration of ‘normal’ healing may be possible, but largely remains to show. For PTH, the two available clinical trials

both show accelerated healing, but none of them is flawless, and there is a need for better studies.
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Introduction

This paper intends to discuss the sparse evidence on phar-
macological acceleration of human fracture repair that is
available, against the background of some of the preclinical
literature. I have not had the intention to make a meta-analysis,
as the randomized clinical trials in this area are few and different.
Moreover, their quality is not always good.

Almost all papers discussing this topic mention in the first
paragraph that there is a 5–10% rate of healing complications in
fractures (delayed union or worse). This precentage might not
describe the biology of fracture healing as much as the
impatience of orthopedic surgeons, who decide when it is time
to intervene. If we imagine a certain ‘standard fracture’, and
presume that we have a good definition for healing of that
fracture, the healing time should of course have some kind of
random variation. The healing time would depend on the sum of
several normally distributed factors, which together would yield
a log-normal distribution of the healing time (Figure 1).
Therefore, a curve describing the incidence density of different
healing times would have a long right tail, which implies that
‘delayed union’ in many cases lies within the normal biological
variation. In other words: by mere chance, we should expect
some normal patients to have a considerably longer healing
time than average. The subject of this paper is whether there are
methods to reliably shift this entire curve to the left, by reducing

the expected healing time for all, or at least the majority, of the
patients.

Prevention of atrophic non-union, on the other hand, may be
a different thing than accelerating the healing process. If we
disregard infections and other more or less iatrogenic com-
plications, atrophic non-union may be the end result of early
events, leading to an inability to get the healing process
started.1 This would explain the higher risk of non-union
after open fractures,2 and the poorer healing with increased
soft tissue trauma.3 These early events may soon become
better understood than they are today, as the inflammatory
and immunologic components of the early healing process are
now subject to increasing research activity.4,5 Although it is
surely an oversimplification to regard slow healing and
atrophic non-union as two entirely separate entities, this
dichotomy may help to sort things out. The subject of this
discussion is mainly acceleration or repair, that is, accelerating
‘normal’ repair.

Based on their histological appearance, fractures in shafts
and metaphyses can be expected to heal by different
mechanisms and respond differently to drugs. There is a myriad
of papers on the biology of shaft fracture healing, but only a very
sparse literature on the biology of cancellous bone fractures.6

This might be due to the paucity of animal models for cancellous
bone healing, especially for mechanical evaluation.
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The healing process in a shaft fracture faces the problem of
recruiting cells to the area, either from the thin periosteum,
surrounding muscle, endothelium or blood. In contrast, the
broken trabeculae in cancellous bone are surrounded by
marrow, with readily available stromal cells that can differentiate
to osteoblasts. Later in the process, shaft fractures show more
or less endochondral ossification. Therefore, a scarcity of
cartilage, formed early on, might be a limiting factor. In contrast,
it is thought that cancellous fractures appear to heal almost
entirely by metaplastic bone formation. Indeed, own unpub-
lished clinical biopsies show fetal-type woven bone, forming
primarily within the marrow space, with no contact with bone
surfaces. These observations suggest that drugs that can
stimulate cell recruitment and cartilage formation may be
beneficial mainly in shaft fractures, whereas drugs that increase
osteoblast number and activity might accelerate both, and
perhaps cancellous fractures to a larger extent.

Clinical studies of drugs for acceleration of fracture healing
are hampered by the lack of good definitions.7 Many fracture
types have a large number of subtypes, and their classification
often has a limited reproducibility. Therefore, inaccessibly large
numbers of study patients may be needed to overcome var-
iation in fracture geometry.

It is a general orthopedic experience that clinical healing
occurs before a bridging callus can be convincingly shown on
X-rays. Decades ago, when many shaft fractures were treated
non-operatively, it could be shown in tibial shaft fractures that
measurements of the mechanical stiffness were superior to
radiographs in their ability to predict when the patient could
bear weight without pain or complications.8,9 With internal
fixation, this is now difficult. It is not certain that improved
radiologic modalities will solve the problem, and measurement
of patient satisfaction is a blunt instrument.

In contrast to the difficulties in measuring fracture healing in
patients in mechanical terms, it is possible to quantitate aspects
of implant fixation in humans.10,11 Especially in cancellous
bone, the processes following the insertion of an implant are
likely to be closely related, or identical, to the processes after
fracture. Therefore, I believe that measurements of implant

fixation can yield information of drug effects on cancellous
fracture healing in general.

Bisphosphonates

Bisphosphonates reduce the remodeling of the bony callus, but
according to both animal and clinical data, this has no detri-
mental effects on healing in biomechanical or clinical
terms.12–14 Theoretically, bisphosphonates could be expected
to impair the intracortical bridging of perfectly reduced cortical
fractures. It was suggested several decades ago that very
narrow fracture gaps need to be widened by osteoclastic
resorption before they can be filled with new bone.15 This is also
the case around perfectly fitted implants in bone.16 Fatigue
fractures, such as the so called atypical fractures of the femoral
shaft, form very thin fracture gaps before they dislocate.17 The
atypical fractures occur almost exclusively in patients using
bisphosphonates.18 Bisphosphonates adhere to bone and may
stay for decades in the skeleton.19 Still, the bisphosphonate-
associated risk diminishes rapidly after cessation of bispho-
sphonate use.18 This suggests that the bisphosphonate
causing the crack is derived from ongoing treatment. A possible
explanation would depend on the fact that thin cracks need to
be widened before they can be replaced with new bone
(targeted remodeling).20 Bisphosphonates from the circulation
might accumulate on the exposed crack surfaces, blocking the
resorption necessary for targeted remodeling. This inter-
pretation is further supported by histological observations of
resorption around, but not in, the crack.17 This principle could
apply to perfectly reduced and fixed shaft fractures in general.

Conversely, fractures in cancellous bone might heal faster
with bisphosphonates. Trauma to cancellous bone in rats
appears to cause transient metaplastic bone formation in the
marrow, which is then quickly and completely resorbed. If this
resorption is reduced by a bisphosphonate, there will remain
some bone that can act as a scaffold for further bone formation,
yielding a stronger construct.21 My group has studied this
phenomenon in the context of implant fixation.22–24 Placement
of an implant in cancellous bone constitutes a considerable

Figure 1 Time to healing for a large number of hypothetical ‘standard’ fractures. A log-normal distribution, or a mixture of log-normal distributions, can be expected, here shown
as cumulative log-normal plots. (a) A homogenous fracture population (blue). Note that half of the patients have healed rather quickly, but the curve approaches 100% slowly. A too
short time limit for definition of delayed union will, therefore, label normal cases as pathological. If bone formation could be accelerated in all patients, perhaps with PTH, the curve
would shift to the left (black). (b) A mixture of two populations (blue): a number of non-healers have been added to the population in a. If the deficient initiation of healing could be
prevented, perhaps with a peroperative BMP, the right part of the curve would shift upwards (black).
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trauma and will elicit a repair response, likely to be similar to
cancellous fracture healing. Therefore, data on the benefit of
bisphosphonates for implant fixation might be relevant also for
metaphyseal fractures. Two double-blinded clinical trials show
improved early fixation of knee joint replacements,25,26 and one
similar trial shows improved fixation of hip replacements, with
also better clinical outcome (Harris hip score).27 Recently,
improved fixation of dental implants was shown, with the use
of a bisphosphonate coating directly on the metal implant
surface.28 A randomized, placebo-controlled trial of clodronate
in distal radial fractures showed a significantly increased
radiodensity of the fracture region in the bisphosphonate group
at 2 months.29 Taken together, these studies suggest a ben-
eficial effect that has remained unexplored.

Bone Morphogenetic Proteins

Bone morphogenetic proteins (BMPs) are thought to mainly
initiate fracture healing. BMP treatment would then primarily be
useful to reduce the risk of non-union. Indeed, non-union in
human patients seems to be related to genetic changes in the
BMP signaling system.30 However, BMP treatment for faster
‘normal’ healing has been suggested as well.

The recent scandal with misleading reports of randomized
trials of BMP2 versus cancellous bone grafting in spine surgery
unfortunately has cast doubt on clinical use of BMPs in
general.31,32 In several papers, adverse events were seriously
under-reported, and the comparator—a cancellous bone
grafting procedure—was suboptimal, thus favoring the BMP2
group. The unwanted side effects include local inflammation
with serious swelling, as well as resorption of cancellous bone.
The latter is a well-known effect of BMP implants since more
than a decade.33 Recently, three trials with BMP2 on a new,
calcium-phosphate based carrier in long bone shaft fractures
have been prematurely terminated after review of interim data
(http://www.clinicaltrials.gov).

There are two published large multi-center trials of BMP2 for
tibial shaft fractures. The first one, published already in 2002,
recruited 450 open fractures, randomly allocated to three
treatment groups: 12 or 6 mg of BMP2 on a collagen sponge
carrier, or untreated control.34 As the controls received no
carrier, the physician in charge was not blinded. The study
showed that 12 mg of BMP2 reduced the proportion of the
patients needing a secondary intervention (the predetermined
primary effect variable) from 46 to 26 percent. There were also
fewer infections. Variables unsensitive to bias, such as
radiographic healing time (blinded review) and the number of
failing fixation devices also showed an advantage for the 12 mg
BMP2 group. This study has been criticized because the
subgroup receiving reamed marrow nailing, which is believed to
be optimal, showed no effect of BMP2. Therefore, a new similar
trial was started, where 277 patients who received a reamed
marrow nail were randomized to 12 mg BMP2 as above, or
untreated control.35 This trial had to be terminated prematurely
because of an alarming number of wound infections in the
BMP2 group. The infections may be associated with the local
inflammation at the treatment sites, which is a known side
effect. However, the infections must not necessarily be caused
by the BMP2 at all: the need for a wider dissection in this group
in order to make space for the BMP2 carrier may be a sufficient
explanation. However, the healing time, based on clinical and

radiographic criteria, showed only a slight advantage for BMP2,
which was not (but almost) statistically significant.

To conclude, BMP2 had beneficial effects in tibial fractures
with a high risk of healing complications and non-unions. With
more favorable conditions and optimal surgery, the negative
effects seem to dominate. Clearly, more studies are warranted.
It must be noted that, except for the criticized spine studies, no
study so far has shown that BMPs are better than cancellous
bone grafts.

Parathyreoid Hormone

Parathyreoid hormone (PTH) increases bone remodeling with a
net-positive effect on bone mass. Osteoblast number and
activity are increased, primarily at remodeling sites.36 Animal
experiments have shown a striking effect of PTH on cortical and
cancellous bone healing or regeneration in rats.37–39 This
response is more dramatic than the response in untraumatized
bone.40 Therefore, it has been speculated that PTH should be
able to accelerate fracture healing in humans, in spite of the fact
that its effects on bone mass in the treatment of osteoporosis
appear slowly. However, the large doses of PTH used in animal
experiments have cast doubt on their clinical relevance.

There are only two randomized trials on PTH and fracture
healing. One of them randomized patients with non-operatively
treated distal radial fractures to 40 or 20 mg of teriparatide daily,
or placebo.41 The time to restoration of cortical radiographic
continuity (the primary variable) was reduced from 9 to 7 weeks
with 20 mg compared with placebo, but there was no significant
effect of the higher dose, possibly due to increased remodeling
that made new-formed cortex less visible on radiographs.42,43

While the researchers were still blinded for treatment allocation,
the patients from the first author’s treatment facility were scored
for the radiographic appearance 5 weeks after fracture (n¼ 27).
This analysis showed a clear correlation with dose of ter-
iparatide, so that 9 of 10 patients with the highest dose showed
a visible bony callus, and only 1 of the 8 placebo patients did.44

These results suggest that PTH has a strong effect on early
callus formation. Future radiographic studies should probably
concentrate on effects on early healing, rather than using the
time to cortical continuity. This study was not designed to show
clinical benefit.

The other clinical trial on PTH comprised 65 osteoporotic
women with fractures of the pelvic rami.45 Twenty-one patients
were allocated to injections with PTH 1-84, and 44 served as
untreated controls and received no injections. Computerized
tomography exams of the pelvis were made every 4 weeks until
radiographic healing. The results were striking: All of the PTH-
treated patients had healed at 8 weeks, but only 4 of the
controls. Moreover, on a visual analogue scale for pain and in a
‘timed up and go’ test, there were also striking and statistically
significant differences, which are unlikely to be due entirely to
placebo effects. The study is described as a prospective
randomized, controlled trial (level 2). However, there is no
mention of ethical approval, the study was not reported in a
clinical trials registry, and the authors mention as a weakness
that ‘the information was abstracted after the study was fin-
ished’. Moreover, the treatment allocation process and blinding
procedure were not clearly described. I, therefore, contacted
the authors, who told me that every second patient coming to
one hospital received PTH, and for each control patient at that
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hospital, another control patient was recruited at another
hospital, where no PTH treatment was given. Because of this
lack of formal randomization, the study would probably be
better described as a case–control study. The treating phy-
sicians made the radiographic review themselves, although
some kind of blinding is mentioned. In spite of these short-
comings, the results are dramatic, and it is hard to believe that
the differences between the groups are entirely due to bias. I
believe that some of the unclarities in the article could have been
avoided in the editing process.

These two trials give good hope that PTH will emerge as a
powerful tool for acceleration of fracture healing, but the perfect
study remains to be done. The study on pelvic fractures has the
advantage of using a functional variable (timed up-and-go) and
a simple and straight forward design. If the results could be
reproduced with proper blinding and randomization, that would
be good news for future fracture patients.
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