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Abstract

Delayed healing of stress fractures constitutes a signifi cant clinical problem causing pain and disability for the patients affected. The vast majority heal after 
immobilization of the extremity affected, but a certain small number of patients display delayed union despite standard treatment, resulting in prolonged disability and 
usually end up needing orthopedic procedures to get symptomatic relief. All stress fractures exhibit Bone Marrow Edema or Bone Marrow Lesions (BMLs) with and 
without fracture lines on MRI, and in cases of delayed union these lesions persist. Thus, it is conceivable that BML formation might contribute to non-union. Previous 
studies on transient osteoporosis and osteoarthritis have demonstrated that bisphosphonates can reduce BMLs. We therefore wanted to test, whether treatment with 
IV. Bisphosphonates could promote healing of such fractures. In this study we report our clinical experience and the results obtained after treating 8 patients exhibiting 
delayed healing an off label protocol using two Zoledronic acid infusions (given 3 months apart). 

Seven female and one male patient (aged 30-72) were enrolled. All had signs of non-union for more than 12 months (defi ned as continued pain, disability and 
persistent BMLs on MRI). Pain was monitored using VAS (1-10) and MRI was performed in six of the patients at baseline, 3, 6 and 12 months after the fi rst infusion. All 
patients received Ca (0.5-1 g Ca per day) and vitamin D supplementation (800-1000 IE per day).

All patients experienced clinical healing with signifi cant reduction of pain at the fracture site and improvement of ambulation within 1-3 months after the fi rst infusion. 
4 patients experienced further reducgtion of pain after the second infusion. At 6 months, ambulatory functions were completely restored in all patients and a highly 
signifi cant reduction of VAS scores from an average of 7.3 before treatment to 1.1 at 6 months and 0,9 at 12 months (P<0,0001) could be demonstrated. The alleviation of 
pain was accompanied by reduction or total resolution of BMLs on MRI. Except for 2 cases of fl u-like symptoms after the fi rst infusion, no adverse effects were recorded. 

In conclusion, In conclusion, 2 infusions of zoledronic acid (5 mg) given 3 months apart, may emerge as a possible treatment modality of stress fractures in the foot 
showing delayed union, and could potentially reduce the need for more extensive surgical intervention in such complicated cases. This small observational pilot study 
needs to be corroborated in a larger randomized, controlled trial.
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Introduction

Stress fractures constitute a signifi cant clinical problem 
and may affect individuals at all ages. They are a common cause 
of injury in runners and military recruits being associated 
with vigorous weight-bearing physical exercise. Studies have 
reported an incidence rate among military recruits of 5-7% 
during boot camp [1-3]. Top-athletes also frequently encounter 
stress fractures, which set them back signifi cantly in their 
training efforts. In female athletes stress fractures have been 
intimately associated with the “female athletic triad” (low 
energy intake, hypothalamic amenorrhea and osteoporosis) 

[1]. In these populations the symptoms usually subside within 
weeks after immobilization of the extremity in question, but 
the risk of a new fracture is increased. Stress fractures affecting 
the tibia and feet of postmenopausal women constitute a 
signifi cant problem, as prolonged non-union is often seen, 
resulting in longstanding disability. Usually such cases have 
to undergo bone-grafting operations with subsequent lengthy 
rehabilitation and continued disability. 

The pathogenesis and the natural history of stress fractures 
are still poorly elucidated. The predominant hypothesis focuses 
on increased mechanical strain placed on the lower extremity 
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causing mechanical fatigue damage of bone, microcrack 
accumulation and ultimately clinical fracture are the primary 
factors invoked [1,3,4]. Healing of stress fractures is different 
from that of classical osteoporotic fractures. While classical 
clinical fractures heal via endochondral ossifi cation, with an 
initial infl ammatory response and the formation of a cartilage 
callus [6] stress fractures heal by normal bone remodeling, 
with osteoblasts rebridging broken cortices and trabeculae [7]. 
Because remodeling activity is much higher in cancellous than 
cortical bone, the development of most stress fractures begins 
in cortical bone. 

Inherent to any injury to bone, microcracks included, 
is the formation of Bone Marrow Lesions (BMLs) or Bone 
Marrow Edema (BME). We have chosen to use the term BML 
instead of BME, because no edema has been demonstrated 
on ultrastructural examination of these lesions [8]. All stress 
fractures exhibit BMLs with and without fracture lines on 
X-ray or CT, and in cases of delayed union these lesions 
persist. The development of BMLs is thought to take place 
before clinical fractures occur [1], therefore they are detected 
with and without fracture lines on MRI. Albeit poorly defi ned at 
the tissue level, there is increasing evidence including studies 
from our groups, that BMLs constitute a localized area of high 
turnover and vascularity  [9]. It is therefore conceivable that 
the formation of a BML in some cases could interfere with 
healing due to the high remodeling activity and the increased 
osteoclastic activity accompanying a high turnover state. 

Bisphosphonates have been shown to reduce or remove 
BMLs. This was fi rst demonstrated in transient osteoporosis 
of the hip [10], but also in relation to bone bruises and 
osteoarthritis [11]. Both oral and iv. Bisphosphonates have 
been tested in the treatment of BMLs, with iv. Bisphosphonates 
being more effective [10,11]. The aim of this study was therefore 
to test whether intravenous dosing of a potent bisphosphonate 
(zoledronic acid) might promote healing of complicated 
stress fractures exhibiting delayed healing (> 12 months 
with persisting pain at fracture site). Due to previous studies 
showing higher doses of bisphosphonates being more effective 
in other conditions characterized by BML formation such as 
transient osteoporosis [12] or OA [13], we chose to double the 
dose by giving 2 infusions of zoledronic acid (5 mg) within a 3 
month interval.

Materials and methods

Seven females and one male with non-healing stress 

fractures (aged 30-72) were enrolled. Inclusion was based 

on the presence of more than 12 months of non-healing, as 

refl ected in unchanged pain, disability and persistent BMLs 

on MRI in the area affected (Table 1). Exclusion criteria 

were the following: 1) presence of metabolic bone disease or 

other diseases casing secondary osteoporosis; 2) poor oral 

status associated with increased risk of osteonecrosis of the 

jaw; 3) previous subtrochanteric femoral fracture. 5 patients 

suffered 1-3 metatarsal fractures, 2 of the cuboid bone and 

1 of the calcaneus (Table 1). The duration of non-healing 

varied between 12 and 36 months. None of the patients were 

using non-steroid anti-infl ammatory drugs (NSADS) or 

glucocorticoids known to affect fracture healing. None of the 

patients had undergone previous treatment with bone active 

drugs (HRT, bisphosphonates, denosumab, teriparatide). 

Stress fractures were verifi ed by the presence of BMLs, with 

or without fracture lines on MR in the area of maximal pain on 

examination (Figure 1).

The project and dosing regimen was approved by the 

regioneal ethical committee (REK 2014/1986-8) and the 

Norwegian Medicines agency (SLV NO2014-003418-27). After 

informed consent, the patients were subjected to a general 

workup for osteoporosis and other skeletal diseases including 

DXA of the spine and hip, assessment of general calcium 

metabolic status and bone turnover markers. Subsequently 

they were given 2 intravenous infusions of Aclasta 5 mg, 3 

months apart. Pain was monitored using visual analog scale 

(1-10) at baseline and 3,6 and 12 months after initiations of 

treatment. MRI was performed in six of the patients at baseline 

and 12 months after the fi rst infusion. All patients received 

0.5-1 g Ca and vitamin D supplementation was given in order 

reach S-25(OH)D levels between 75 and 125 nmol/l. 

Statistical analysis

Changes in VAS scores were analyzed using one-way 

ANOVA.

Table 1: Duration: duration of non-healing. 

Pas. Age Duration VAS0 VAS3 VAS6 VAS12 BML12 Location

1 62 24 mo 8 2 0 0 Absent Metatarsal 5

2 60 18 mo 8 0 0 0 Reduced Metatarsal 1,3

3 51 12 mo 7 3 3 2 Reduced Cuboid

4 30 36 mo 7 0 0 0 NA Metatarsal 3,4,5

5 60 24 mo 5 2 1 1 NA Metatarsal 3,4

6 63 36 mo 8 3 1 1 Reduced Metatarsal 4,5

7 72 18 mo 7 3 1 0 Reduced Calcaneus

8 52 12 mo 8 3 3 3 Reduced Cuboid

9 55 12 mn 7 0 0 0 Absent Metatarsal 1-5

Mean 7.3 2.0 1,1 0.9

VAS 0,3,6,12: VAS registration at baseline, 3, 6 and 12 months; BML12: size of bone marrow lesion at 12 months compared to baseline; NA: Not Available
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Results

Baseline characteristics of the patients enrolled are given 
in Table 1. All patients experienced clinical healing defi ned 
as signifi cant reduction of - or no pain at weight bearing 12 
months. VAS scores were reduced from an average of 7.3 before 
treatment to 0.9 at 6 months and 0,7 at 12 months (ANOVA 
p<0.0001) post fi rst infusion. The vast majority of patients 
experienced VAS pain scores ranging from 7 to 8, with one 
patient recording a VAS score of 5 prior to treatment (Figure 
2). All patients experienced signifi cant pain reduction after 3 
months, with further improvement in 7 of 9 patients at 6 and 12 
months. Six of nine patients were pain free at 12 months, while 
3 experienced residual pain with VAS scores ranging from 1 to 
3. No patient experienced a new stress fracture after the fi rst 
dose, but the second infusion resulted in further reduction of 
pain and improved mobility in 4 patients (Figure 2). Signifi cant 
improvement was seen after 1-3 months and at self-evaluation 
at 6 months ambulatory function was completely restored in 
all patients. The reduction in pain persisted for 12 and even 
24 months in all 6 patients where long term follow-up was 
possible. The alleviation of pain was accompanied by reduction 
or total resolution of the BMLs on MRI. 

No severe side effects to bisphosphonate treatment were 
registered except for mild acute phase reactions, with fever, 
arthralgias and muscle pains after the fi rst infusion in 2 
patients. No patients refused the second infusion.

Discussion

The results obtained in this study suggest, that the iv. 
Bisphosphonate zoledronic acid promotes healing of stress 
fractures exhibiting delayed healing despite conventional 

treatment (crutches or casts to achieve non-weight bearing). 
The usual healing time for stress fractures using conventional 
treatment is 2 maximally 3 months. We therefore chose extreme 
cases with non-healing lasting more than 12 months. It is also 
worth noticing that the majority of cases had more than one 
fracture (range 2-5), which emphasizes the severity of disesae 
treated, BMLs have been demonstrated in association with all 
fractures of the axial or peripheral skeleton [8,14]. The main 
differential diagnoses to BMLs, are osteonecrosis, infection 
and neoplastic diseases [8]. These diseases were ruled out by 
our basic workup of patients in this study. The pathologies 
underlying formation of BMLs are still poorly defi ned. Very 
few histological studies on BMLs have been performed, but 
the available data suggest that the lesion is characterized by 
fi brosis, lymphocytic infi ltrates, haemorrhage, myxomatous 
degeneration, increased marrow adiposity and increased 
vascularisation. Using dynamic fl uorescence microscopy and 
histomorphometry analysis of BMLs from hip OA patients our 
group recently demonstrated that BMLs are characterized by 
extreme high turnover, - 25 times higher and 10 fold higher 
vascular area than surrounding bone without BML [9]. It is 
probably the latter which s responsible for the water signal 
seen on MR, because no edema by histological criteria has been 
demonstrated in BMLs [15,16]. The presence of vital trabeculae 
covered by osteoblasts and osteoid seams, distinguish 
this condition from osteonecrosis. Samples obtained from 
bone marrow surrounding BMLs reveal elevated levels of 
markers of bone turnover indicating localized high turnover 
[17]. This characterization has been further supported by 
histopathological fi ndings from the affected areas. Other 
studies have demonstrated increased expression of pro-
angiogenic factors like VEGF, CYR61, and CTGF. The authors 
postulated that the high expression of VEGF and CYR61 in the 
lesion could be caused by hypoxia, indicating a role of these 
proteins in the repair processes on-going in osteonecrosis [18]. 
However, the increased levels could also be a consequence of 
increased bone turnover and vascularization, which would fi t 
the increased levels of bone markers demonstrated in BMLs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: MRI of stress fracture in third metatarsal with extensive bone marrow 
edema (arrows) and visible fracture line..

 

Figure 2: Individual VAS pain scores at fracture site at baseline (0) and 3,6 and 12 
months after the fi rst iv. dose of Zoledronic acid (5 mg). Second dose was given at 
3 months. No further dosing at 6 and 12 months.
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[17]. Another study reported positive immunoreactivity for 
TNF-alpha, IL-6, RANKL, OPG, and OPN in bone marrow and 
bone of RA patients.[17]. Increased levels of these factors could 
explain the increased resorption in the area, as proinfl ammatory 
cytokines stimulate osteoclast activity. It is conceivable that 
some patients develop localized hyperresorption inside the 
BML surrounding the fracture. This might prevent rebridging 
of trabeculae by osteoblastic bone formation, which is key to 
healing. The positive effect of bisphosphonates could be that 
they by inhibiting bone resorption might let osteoblastic bone 
formation dominate and complete the rebridging process. Thus, 
histological and biochemical marker profi les, summarized 
above, indicate that BMLs constitute a local area of high bone 
turnover, increased vascularization and increased expression 
of cytokines and angiogenic factors. 

Bisphosphonates in general exert anti-osteoclastic action 
by eliciting osteoclast apoptosis [19]. After oral or parenteral 
administration bisphosphonates are deposited on bone surfaces 
and subsequently incorporated into osteoclasts during bone 
resorption. Intracellularly bisphosphonates inhibit a crucial 
enzyme of the mevalonate pathway, farnesyl pyrophosphate 
synthase (FPPS)., which blocks the biosynthesis of isoprenoid 
compounds. These compounds are essential for the 
posttranslational modifi cation of small guanosine triphosphate 
(GTP)-binding proteins securing anchoring of these protein 
in the phospholipid bilayer of the cell membrane. Absence of 
these modifi cations results in disorderly organization of these 
proteins throughout the cell causing osteoclast apotosis [19]. 

Zoledronic acid, however, has another signifi cant effect, 
which is distinct from promoting osteoclast apoptosis. It exerts 
strong anti- angiogenic activity  [20], which is the way by which 
the drug is thought to reduce BMLs [21] and promote healing. In 
our recent histology study on BMLs from OA patients we found 
a 10 fold increase in vascularity [9]. Angiogenesis is an integral 
part of fracture healing, but in case of BML formation maybe 
excessive angiogenesis inside the BML lesion may inhibit 
trabecular and cortical rebridging. Bisphosphonates have been 
shown to reduce BML size in conditions like osteoarthritis and 
rheumatoid arthritis. Our histology data would suggest that the 
water signal associated with BMLs on MR is due to increased 
vascularity. Thus, the reduction of BML size is probably mainly 
caused by anti-angiogenesis reducing blood fl ow in the area. 

Zoledronic acid may also have improved bone healing by 
other mechanisms. Bisphosphonates improve bone material 
properties in animal models and in humans on chronic 
glucocorticoid therapy [22,23] and also increase callus strength 
[24].

One study did not study delayed healing, but examined 
effects of another bisphosphonate, iv. ibandronate, in 25 
athletes with either demonstrable BML or stress fracture on 
MR. The drug caused reduction of pain at rest and under strain 
along with improved mobility in 16 of 25 athletes within 2 
weeks. Furthermore, in subjects with early onset of treatment, 
the time needed before returning to activities was shortened 
[25]. Intravenous pamidronate was reported to be effective in 
reducing the time needed before returning to training after 

stress fracture in a smaller study comprising 5 athletes [26]. 
An Israeli study of military recruits , however, was unable to 
demonstrate signifi cant reduction of stress fracture incidence, 
onset or severity of fractures after an initial 12-week course 
of oral risedronate at the start of training  [27]. Two studies 
have reported effects of bisphosphonates on stress fractures in 
special disease areas. One analysis found insuffi cient evidence 
for a positive effect on insuffi ciency fractures and avascular 
necrosis of the pelvis after pelvic radiotherapy for prostate 
cancer [28]. Another study, however, reported positive effects 
of bisphosphonates on stress fractures in patients suffering 
from Paget´s disease [29]. 

The positive effect on healing of stress fractures 
demonstrated in this study is somewhat surprising in light of 
recent reports reporting the development of so called Atypical 
Femoral Fractures (AFF) in patients on long term treatment 
with bisphosphonates. Although the pathogenesis underlying 
AFFs is poorly defi ned, the pathogenesis is considered to be 
similar to that of stress fractures [7]. These very rare fractures 
(risk 1/10,000-1/100,000) usually start with a cortical defect 
in the lateral cortex of the subtrochanteric region, which may 
persist for many months before a clinical subtrochanteric 
fracture develops. Despite these clinical similarities, however, 
the pathogenesis may differ signifi cantly. One of the 
differences already reported is the presence of mineralization 
defects in AFFs, creating a histological picture similar to that 
of hypophosphatasia [31]. None of the individuals participating 
in this study developed atypical fractures, which generally has 
been associated with much larger doses and longer duration 
of bisphosphonate treatment  [7]. The fact that 2 patients 
developed post dose symptoms after the fi rst infusion was to 
be expected as 40% of patients have been reported to develop 
this side effect  [32]. None of the two experienced any side 
effects after the second infusion. 

The limitations of this study are: 1) the absence of a blinded 
randomized design and the small sample size; 2) lack of 
function scores with assessment of results being confi ned to 
pain only. Obviously, the results need to be corroborated in a 
larger randomized blinded study. It is startling, however, that 
all patients with symptoms lasting more than 1 year without 
change experienced signifi cant reduction of pain as assessed 
by VAS within weeks after the fi rst infusion. 

In conclusion, 2 infusions of zoledronic acid (5 mg) 
given 3 months apart, may emerge as a possible treatment 
modality of stress fractures in the foot showing delayed 
union, and could possibly reduce the need for more extensive 
surgical intervention in such complicated cases. This small 
observational pilot study needs to be corroborated in a larger 
randomized, controlled trial.
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