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INTRODUCTION

B

one healing requires a multitude of cell types,
inflammatory cytokines, growth factors, prostaglandins, and other substances to restore biomechanical
properties.1 The biologic process of fracture healing is
complex, and several factors may impede or enhance this
process.2--4 Delayed or nonunion of long bone fractures
continues to have a high incidence despite modern treatment options, often leaving patients with residual physical
disability.5 Femoral nonunion presents a difficult treatment
challenge and a formidable personal and economic hardship
for the patient. A number of techniques have been proposed
for treating nonunion of the femoral shaft, including
electromagnetic fields, low-intensity ultrasound, extracorporeal shock wave therapy and various surgical options such
as nail dynamization, exchange nailing, external fixators,
augmented or wave-plate osteosynthesis and other complex
reconstructive techniques.6 Plating is the treatment of
choice for femoral nonunion if an intramedullary nail is
in situ, and reamed intramedullary nailing is the treatment
of choice for failed plate fixation.7 Enhancement of the
biologic environment at the nonunion site can be achieved
with with bone grafting, bone graft substitutes, or new
bioactive factors.8,9
Pharmacological agents that modulate bone formation
and bone remodeling are in broad use for treatment of
osteoporosis and bone fragility, but interest in their use in
fracture repair has recently emerged.9--14 Teriparatide is a
synthetic polypeptide hormone that contains the 1-34
amino acid fragment of recombinant human parathyroid
hormone (PTH 1-34). It has been approved for the treatment
of postmenopausal women with osteoporosis who are at
high risk for sustaining a fragility fracture, with demonstrated increases in bone mineral density.15,16 Recent animal
studies have suggested that PTH (1-34) may be effective in
enhancing fracture healing, showing that callus forms
earlier and has superior biomechanical properties than

those without PTH (1-34) treament.
Although studies
suggest a potential clinical role for PTH (1-34),20--22 one
study in postmenopausal women showed no benefit of
teriparatide use in distal radial fracture healing.23
Anecdotal literature on the use of teriparatide in promoting bone healing suggests its efficacy, and reports of
successful treatment of nonunions are rapidly increasing.24
Teriparatide seems useful in the treatment of atypical
femoral fractures after long-term administration of bisphosphonates.25,26 The effect of teriparatide in nonunions
range from an acceleration of the healing process to its
reactivation in atrophic nonunions, but these cases refer to
fractures in various sites, both in cancellous and cortical
bone, often in patients with risk factors for nonunion, and
some after initial conservative treatment of fractures.26--33 A
systematic literature review on the use of recombinant PTH
in human fracture healing yielded only 16 publications on
the subject, including 13 case reports or series and two
randomized controlled trials. In eight case reports, treatment was initiated for delayed union or chronic nonunion,
resulting in callus formation at 1--3 mo with a decrease in
fracture gap. Complete resolution of pain and final healing
of the nonunions was seen in 5--21 mo.34
We present a patient with an atrophic femoral nonunion
after plate fixation, complicated by low-grade infection. The
patient was treated successfully with off-label use of
teriparatide for 3 mo, confirming a possible benefit in using
teriparatide in long-bone nonunions. To the best of our
knowledge, we believe this is the first case report in the
literature of an infected nonunion of a long-bone diaphyseal
fracture treated with teriparatide. According to Greek law,
ethical approval for this study was not required; however,
written informed consent was obtained from the patient for
surgical treatment, off-label use of teriparatide, and publication of her information.
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A 54-year-old woman was involved in a high-energy traffic
accident in March 2011. She was diagnosed with right
ipsilateral femoral fracture in the trochanteric area and a
midshaft fracture of the femur (Figure 1A). She underwent
surgery at another institution, which consisted of Dynamic
Hip Screw (DHS) fixation for the trochanteric fracture and a
4.5-mm compression plate for the femoral fracture next to
the DHS plate (Figure 1B). In April 2013, 13 mo later, she
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FIGURE 1. (A) Anteroposterior view of the right femur showing an ipsilateral fracture involving the trochanteric area and the midshaft of the diaphysis. (B)
Postoperative radiograph showing the mode of fixation chosen in another hospital: DHS for the trochanteric fracture and compression plate for the
diaphyseal fracture. (C) Clinical picture of the lateral thigh showing redness below the surgical incision 13 mo postoperatively.
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trochanteric nail or a long DCS (Dynamic Condylar Screw)
plate in order to correct the hip deformity at the same time.
The patient did not consent to these types of interventions
and asked for something less invasive, including biological
intervention. Despite our warnings that a less invasive
surgery would be inadequate, the patient was taken to the
operating theater for culture, wound irrigation, and debridement of the nonunion site. The patient was open to the
possibility of exchanging the plate in case of loosening.
Intraoperatively, no pus was noted in the surgical wound
except for some yellowish fluid. The muscles and surrounding tissues looked quite healthy. The nonunion was explored and debrided. All the pseudarthrotic material was
removed and six cultures obtained from different sites
including the medullary canal. Interestingly, the plate was
stable and no movement of the fractured parts was seen
during knee motion. The two proximal screws were loose
and were replaced using diverging drill directions. The
medullary canal was freshened with multiple drills at both
ends of the cortical bone, and cancellous bone grafting from
the iliac crest was impacted into the nonunion site for
biological enhancement of healing. Twenty-four hours after
the procedure one of the six cultures was positive for
Staphylococcus epidermidis. The particular bacterium is
sensitive to almost all the proposed antibiotics in the
antibiogram. According to our hospital’s infectious disease
protocol, our patient was administered ciprofloxacin,
500 mg twice a day and rifabicin 600 mg daily for 8 wk.
The patient was discharged from the hospital on the 7th
postoperative day in a good clinical condition and without
any further complications. Detailed instructions concerning
medication, partial weightbearing, and physiotherapy were
given to the patient as well as scheduled monthly appointments for clinical, radiographic, and laboratory testing.
During the postoperative period she was consistent in
taking her medication and keeping outpatient appointments. The ESR and CRP levels were back to normal after the
first month, and there was no evidence of infection from the

83

presented to our outpatient department complaining of
pain on weightbearing and the inability to walk without
support despite the rehabilitation program that she had
followed for at least 7 mo. On physical examination she had
a full, painless range of motion of the hip joint and slight
tenderness on palpation at the anterior thigh. There was
knee pain during flexion and extension and decreased range
of motion. Edema and redness were observed on the lateral
side of the right femur, just below the surgical incision
(Figure 1C). No signs of purulent discharge were observed or
mentioned by the patient. The skin was quite warm
compared with the opposite side. She had had no fever or
other signs of systemic disease during the last 13 mo.
Laboratory tests, including white blood cell counts, hemoglobin, renal and liver function, serum alkaline phosphatase, PTH, calcium, and Vitamin D were all within normal
range. Erythrocyte sedimentation rate (ESR) was slightly
elevated (25 mm/Hr. normal range 1--30) and C-reative
protein (CRP) was elevated (1.8, normal level < 0.8) indicating a low-grade superficial infection. The patient denied
smoking, alcohol abuse, and had no history of metabolic
disease or glucocorticoid intake. Anteroposterior and lateral
radiographs of the femur revealed a healed trochanteric
fracture in a malunited position and an established atrophic
nonunion of the femoral diaphyseal fracture (Figure 2).
Loosening of the two proximal screws of the plate and two
broken drills inside the bone also were noted. The patient
was admitted to our hospital for further investigation and
treatment. As the diagnosis of nonunion complicated by
low-grade infection was established, the patient was offered
one of two treatments that would be based on the
intraoperative findings. In case of explicit infectious signs,
such as drainage of pus from the surgical site, we would
proceed to implant removal, irrigation of the wound,
removal of debris, and fixation with monolateral or circular
external fixation. In the absence of pus or other warning
signs, we would proceed to thorough surgical debridement
and irrigation, exchange of the implants for a long
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FIGURE 2. Anteroposterior and lateral radiographs of the right femur 13 mo postoperatively. Atrophic nonunion of the diaphyseal fracture, malunion in the
27 trochanteric area, loosening of two proximal screws and two broken drills inside the medullary canal.
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29 surgical trauma. The pattern of pain did not change,
however, and she was still unable to walk without the use
31 of crutches. Radiographs taken at 1, 3, and 5 mo postoperatively confirmed the presence of a persistent atrophic
33 nonunion of the diaphyseal femoral fracture: the fracture
gap persisted, fracture margins were sclerotic, and there was
35 no evidence of callus at the fracture site (Figure 3A and B).
The patient was reluctant to have another surgery, and she
37 consented to off-label teriparatide therapy at doses approved
for the treatment of osteoporosis (20 mg/day). Twenty days
39 after the initiation of teriparatide the patient mentioned for
first time that the pain was getting better and that she was
41 able to bear weight with only one crutch. Radiographs at
2 mo showed findings of union, with bone bridges between
43 the fracture fragments and decrease of the fracture gap. At
3 mo after teriparatide treatment she was able to ambulate
45 full weight bearing without crutches. The ESR and CRP
levels were normal, and the patient did not mention any
47 sign of systemic inflammatory response during the last
3 mo. She had no pain during daily activities, and she
49 returned to office work 1 mo later. Radiographs at 3 mo
showed complete healing of the nonunion (Figure 3C and
51 D). There were no teriparatide-related side effects during or
after the treatment. Final radioraphs at 12 mo after teripara53 tide treatment showed solid union at the fracture site and
increased density of the callus (Figure 3E and F).
55
57

DISCUSSION

The most important finding of the current report is that
59 teriparatide is likely to be a potent agent for enhancing
fracture healing in patients with established nonunion of a

long bone in a poor biological environment. We are
considering the crucial role of teriparatide in our patient
because the fracture site of the femoral shaft showed no
signs of bone healing 13 mo after the initial fixation and
5 mo after the second intervention. It is important to
mention that our patient did not receive any other
pharmacological agent except antibiotics during the whole
postoperative period (since April 2013) that could have
affected the progression of callus formation. The duration of
the antibiotic treatment was 8 wk, and there was no
overlapping period with teriparatide administration that
started 5 mo after the second operation. Although there
were no clinical and laboratory signs of persistent infection
just before the initiation of teriparatide, we cannot be sure
that the infection was a contributing factor in the persistence of nonunion.
Although many treatment methods have been developed,
controversy exists regarding the optimal management of
ipsilateral femoral neck and shaft fractures. DHS combined
with compression plating or long intramedullary nailing are
both acceptable methods of fixation.35,36 Wang et al.,37 in a
retrospective comparative study of both techniques, found
similar results in regards to union time, complication rate,
and overall functional outcome; however, the nail was a
better option for the treatment of complex fractures and had
the advantages of minimal exposure, reduced perioperative
blood loss, and biological fixation of both fractures with a
single implant. In our level 1 trauma center we also favor
intramedullary nailing for these types of fractures.38
The nonunion in our patient was further complicated by
the presence of a low-grade infection, luckily by a bacterium
of low potency and sensitive to most antibiotics. Infected
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FIGURE 3. (A and B) Anteroposterior and lateral radiographs of the femur 5 mo after the reoperation (18 mo from the initial trauma) that confirms the
presence of a persistent atrophic nonunion of the diaphyseal femoral fracture. The fracture gap is open, fracture margins are sclerotic, and there is no
evidence of callus at the fracture site, (C and D) Anteroposterior and lateral radiographs of the femur 3 mo after the administration of teriparatide. The
fracture gap has been eliminated and callus formation is seen on both the anteroposterior and lateral views. (E and F) Anteroposterior and lateral
radiographs of the femur 12 mo after the administration of teriparatide. The fracture gap has almost disappeared and callus formation is solid and dense.
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nonunion is a major and complex orthopaedic problem.
Various treatment modalities have been adopted to manage
this condition, but in almost all cases the first priority is the
eradication of the infection. Staged bone grafting, external
fixation, repeat internal fixation, antibiotic impregnated
cement nailing, or more complex procedures are required
later.39--41 Jain and Sinha42 stated that in infected nonunions the crucial factors relating to treatment and prognosis
are the bone gap and the presence of symptomatic active
infection. They classified infected nonunions into two
categories: type A is infected nonunion of a long bone with
nondraining (quiescent) infection, with or without implant
in situ, and type B is an infected nonunion of a long bone
with draining (active) infection. Both are classified further
into two subtypes: (1) nonunion with a bone gap smaller
than 4 cm, or (2) nonunion with a bone gap larger than
4 cm. Our patient had an A1 nonunion, and single-stage
debridement and bone grafting with fracture stabilization
were done as indicated. Adequate debridement, fracture
stabilization, and second-stage bone grafting also gives
desirable results in type B1 infected nonunions. Distraction
osteogenesis is the preferred procedure for types A2 and B2
infected nonunions. Another option for our patient would
have been to replace the distal screws as we did for the loose
proximal ones so that a compression device could have been
applied to the lower end of the plate to eliminate the
fracture gap. Because the nonunion gap was very small and
the cancellous graft was well impacted, we did not proceed
to this exchange.
Although there have been several studies and case reports
on teriparatide use in patients with fracture nonunion of the
humerus, femoral neck, thoracic and lumbar spine, radius,

odontoid, sternum, pubic ramus, ankle, and metatarsals, as
well as atypical femoral fractures,25--34,43 there are only three
reports of successfully healed nonunions of the femur and
one recent case series of femoral and tibial fractures.44--47
Paridis and Karachalios44 reported comminuted, two-level
(peritrochanteric and middiaphyseal) femoral fractures in a
48-year-old man (heavy smoker) after a road traffic accident.
The types of fractures were similar to those in our patient.
Their patient initially underwent internal fixation of both
fractures with a hip sliding screw and a dynamic compression plate. He had structural failures, first of the initial plate
and later of a long locking plate, and ended up with an
extended area of nonuion. The third operation was in the
form of a Taylor Spatial FrameTM (Smith and Nephew,
Memphis, TN) with autografting and use of bone morphogenic protein (BMP)-7. The nonunion persisted but finally
united after 2 mo of PTH (1-34). Lee et al.45 reported three
patients with persistent femoral nonunions, one in the
distal femur treated initially with locking plate, one in the
proximal part treated initially with multiple cannulated
screws, and one in the diaphysis treated initially with
retrograde intramedullary nailing. Teriparatide was administered for 3--9 mo after a diagnosis of nonunion. A
successful union was obtained in all three patients without
further surgical intervention and no adverse events. Giannotti et al.46 reported an 80 year-old woman who sustained a
right distal metaphyseal femoral fracture at total knee
arthroplasty. She underwent open reduction internal fixation with a lateral femoral locking plate. Radiographs at 5
and 7 mo did not show any signs of healing. After 2 mo of
treatment with teriparatide, the radiograph showed the
presence of bony bridges and a decreased gap between
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1 fragments and a different aspect of neoformed bone. After
3 mo of treatment, healing was complete. Finally, Mancilla
3 et al.47 reported recently six patients between the ages of
19--64 yr with tibial or femoral fractures that had not healed
5 for 3--36 mo and were treated with teriparatide (20 mg/day).
Accelerated healing of fracture nonunion was confirmed in
7 five of six patients with time to complete union of 3--9 mo.
Interestingly, the shortest time to recovery was observed in
9 younger patients without comorbidities.
Femoral nonunion is a challenge for the patient as well as
11 the surgeon. To date, it has been treated by various surgical
interventions, with only minimal focus on medical ap13 proaches. We report that teriparatide is a possible adjunct to
treatment in difficult cases of nonunion. To the best of our
15 knowledge our report of successful teriparatide treatment in
femoral nonunion complicated by low-grade infection is the
17 first in the literature. Of further importance is the rapid
response to the medication and the subsequent clinical and
19 radiographic improvement in such a short period of time
(3 mo). The potential benefit of teriparatide as an adjunct in
21 the treatment of nonunion justifies prospective, randomized, placebo--controlled trials to determine its efficacy and
23 safety in different populations with varying comorbidities
and types of nonunions.
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