
C L I N I C A L R E S E A R C H A R T I C L E

Teriparatide Treatment in Elderly Patients With Sacral
Insufficiency Fracture

Jun-Il Yoo,1 Yong-Chan Ha,1 Hyun-Jun Ryu,1 Geun-Wu Chang,1 Young-Kyun Lee,2

Moon-Jib Yoo,3 and Kyung-Hoi Koo2

1Department of Orthopaedic Surgery, Chung-Ang University College of Medicine, Seoul 06973, Korea;
2Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, Sungnam 03080, Korea;
and 3Department of Orthopaedic Surgery, Dankook University College of Medicine, Cheonan 31116, Korea

Context and Objective: Pain-related immobility because of insufficiency fractures may result in
serious complications and a highmortality rate in senile patientswith preexisting comorbidities. This
study aimed to evaluate the efficacy of teriparatide in patients with sacral insufficiency fractures.

Design, Setting, and Participants: This retrospective, case-controlled, single center study, performed
from 2009 to 2014, included 41 patients who underwent radiographs, magnetic resonance imaging,
and/or bone scans to document sacral insufficiency fractures.

Intervention: The intervention involved teriparatide at a once-daily subcutaneous dose of 20 mg
within 2 days of hospital admission (21 patients). Twenty patients (control group) did not receive
teriparatide.

Main OutcomeMeasures: Functional outcome was assessed using a visual analog scale for pain and
the time to mobilization. Pelvic anteroposterior radiographs were repeated at 0, 1, 4, 8, 12, and
16 weeks until radiographic evidence of cortical bridging at the fracture site was confirmed.

Results: From the date of admission to 4 weeks, the mean visual analog scale score improved
between the 2 groups. The mean time to mobilization was 1.2 6 0.4 weeks in patients who
received teriparatide treatment, compared with 2.0 6 0.3 weeks in controls (P , 0.001). At
8 weeks, all fractures in the teriparatide treatment group and 4 fractures in the control group had
healed.

Conclusions: In senile patients with preexisting comorbidities who have sacral insufficiency frac-
tures, teriparatide treatment may achieve earlier pain reduction and mobilization and reduce
healing time. (J Clin Endocrinol Metab 102: 560–565, 2017)

Sacral insufficiency fractures occur as a result of minor
injury and are common in elderly patients with os-

teoporosis. In accordance with the increase in the aging
population, the incidence of these fractures is increasing.
Pain-related immobility because of insufficiency fractures
may result in serious complications and a high mortality
rate in elderly patients with preexisting comorbidities.

The primary strategy in the treatment of sacral in-
sufficiency fractures is pain management, patient mobi-
lization, and the prevention of problems associated with

comorbid conditions (1). Only unusual cases require
treatment with internal or external fixation (2).

Outcomes of sacroplasty and other surgical treat-
ments for sacral insufficiency fractures have been re-
ported. Although these surgical interventions show
good clinical outcomes at the minimum 1-year follow-
up, theymay cause serious problems such as nerve palsy,
infection, and procedure-related complications (3–5).
Teriparatide treatment yields favorable results for the
healing of other insufficiency fractures, atypical fractures,
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and nonunions (6–11). Since 2007, we have been using
teriparatide for treating osteoporosis, complicated fractures,
nonunions, and sacral insufficiency fractures in elderly
patients.

The purpose of this case-control study was to assess
functional outcomes including change in pain severity
during follow-up, bony union times, and complications
related to teriparatide in patients with sacral insufficiency
fractures.

Materials and Methods

This study was approved by the institutional review board of the
Chung-Ang University Hospital, and the requirement for in-
formed consent was waived. Of the 55 consecutive patients
whose sacral insufficiency fracture was confirmed usingmagnetic
resonance imaging (MRI) or bone scan in our hospital between
January 2009 and December 2014, 41 patients who were older
than50years, hadno signs of infection such as local heat, redness,
or swelling, had not received radiation therapy, and whose
medical progress could be followed up for more than 1 year were
included in the study. These patientswere divided into 2 groups, a
teriparatide treatment group (group I) of 21patientswho received
treatment with teriparatide, and a control group (group II) of 20
patients who refused teriparatide treatment (Fig. 1).

Demographic data, including age, sex, height, weight, body
mass index, medical comorbidities on the basis of the modified
Charlson comorbidity index (12), and history of other previous
osteoporotic fractures appear in Table 1.

Diagnosis of sacral insufficiency fracture
Patients were admitted to the hospital with severe acute pain

in the low back area. If sacral insufficiency fractures were
suspected, an initial radiograph was taken and then a bone scan
and/or MRI scan (Fig. 2) was routinely performed to confirm
the diagnosis. For patients with sacral insufficiency fractures,
the plain pelvic radiography was repeated and the functional
progression was assessed every 4 weeks.

Patients were concurrently screened for osteoporosis using
dual-energy absorptiometry (Lunar Prodigy; GE Healthcare,
Little Chalfont, UK). According to a World Health Organiza-
tion study group, the diagnosis of osteoporosis is based on
T-score thresholds. T scores at or below 22.5 and a history of
previous osteoporotic fracture are considered severe osteopo-
rosis (13). Routine laboratory examinations, including white
blood cell counts, C-reactive protein, and erythrocyte sedi-
mentation rate, and additional bone-turnover markers, such as
serum alkaline phosphatase, parathyroid hormone (PTH),

Figure 1. Flowchart of patient enrollment.

Table 1. Demographic Characteristics of the Teriparatide Treatment and Control Groups

Variables Reference Group I Group II P

Sex, M/F 2/19 3/17 0.28
Age, yearsa 73.3 6 9.7 72.4 6 14.9 0.65
Height, cma 153.6 6 8.5 155.2 6 9.4 0.28
Weight, kga 57.7 6 6.1 57.7 6 6.1 0.87
BMI, kg/m2a 24.5 6 2.3 21.6 6 2.9 0.04
Alkaline phosphatase, IU/La 30–120 224.2 6 134.3 230.3 6 180.4 0.72
PTH, pg/mLa 14–72 58.7 6 23.0 57.8 6 18.6 0.90
Calcium, mg/dLa 8.2–10.4 8.9 6 0.6 8.9 6 0.7 0.28
Phosphorus, mg/dLa 2.5–4.5 3.3 6 0.7 3.6 6 0.6 0.69
25-OH vitamin D, ng/mLa 30–100 30 6 0.7 23.8 6 10.8 0.01
Previous osteoporotic fracture 0.92
Pelvis 5 5
Femur 3 2
Vertebra 5 3
Rib 1 2
None 9 9

Group I was the teriparatide treatment group; group II was the control group.

Abbreviations: BMI, body mass index; 25-OH, 25-hydroxy.
aMean 6 standard deviation.
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calcium, phosphorus, and 25-hydroxy (25-OH) vitamin D,
were measured (Table 1).

Teriparatide group and control group
The teriparatide treatment group (group I) underwent

once-daily subcutaneous treatment with 20 mg of teripara-
tide to evaluate its effect on the time required for radio-
graphic and clinical fracture healing. The 21 patients in the
treatment group received 20 mg of PTH 1-34 (Forteo®; Eli
Lilly, Indianapolis, IN) within 2 days after admission to the
hospital. Twenty patients who did not receive teriparatide
treatment (group II) served as the control group. All patients
in the teriparatide treatment group received teriparatide
for a minimum of 3 months (range, 3 to 11 months). All
patients received daily supplementation consisting of 1000 mg
of calcium and 800 IU of vitamin D3 for the entire study
period.

Patients with breakthrough pain in either group were
prescribed medication for pain control, and the frequency
and duration of breakthrough pain were recorded during the
study.

Assessment of clinical fracture healing and
functional outcome

Functional outcome was defined as a reduction in pain
and an improvement in mobility and was assessed using a
numeric visual analog scale (VAS) for pain (with 0 repre-
senting no pain and 10 representing the greatest imaginable
pain) on the date of admission (at least 2 days after the
fracture) and at 1, 4, 8, and 16 weeks. VAS scores were
classified as mild (0 to 3), moderate (4 to 6), or severe (7 to

10) pain according to the World Health
Organization system (14). Frequency and
duration of pain medication use were
compared between the 2 groups.

Regarding the time to mobilization, we
measured the period of time until patients
started walking without walking aids for
the first time.

Assessment of fracture healing by
imaging studies

Fracture healing was assessed by x-ray
on the day of admission (at least 2 days after
the fracture) and at 1, 4, 8, 12, and
16 weeks, and regularly thereafter until
evidence of fracture healing (defined as
cortical bridging) was confirmed. The
percentage of fractures that had healed at
8 weeks was the primary end point of in-
terest. X-rays were assessed independently
by 2 orthopedic surgeons. All assessments
were blinded.

Statistical analysis
Data are expressed as means and stan-

dard deviations or as numbers and per-
centages. The significance level (alpha) was
set to 0.05. The x2 test was used to compare
the groups in terms of categorical variables.
The Mann-Whitney U test was used to

compare the groups in terms of continuous and ordinal
variables.

Results

Pain in all patients had subsidedby the last follow-up.Group
I showed earlier improvement in comparison with group II
in terms of functional outcome (as assessed by both the VAS
score and time to mobilization). From the date of admission
to 4weeks, themeanVAS score improved from6.9 to 3.8 in
group I and from 6.5 to 5.1 in group II. At 4weeks, the VAS
scores of the 2 groups differed significantly (P = 0.002).

Serial assessment of pain was performed using a VAS
grading system from the date of admission to 12weeks.One
week after starting the injections, the proportions of mild
pain in groups I and II were 42.9% and 15%, respectively
(P = 0.114). Four weeks after beginning injections, the
proportions ofmild pain in groups I and II were 42.9%and
15%, respectively (P = 0.114). At 8 weeks postmedication,
the proportions of mild pain in groups I and II were 38.1%
and 15%, respectively (P = 0.095). At 12 weeks post-
medication, the proportions of mild pain in groups I and II
were 100% and 50%, respectively (P , 0.001; Fig. 3).

Among the patients who reported analgesic medica-
tion use at 3 months, 28.6% (6 of 21) of group I and
55.0% (11 of 20) of group II patients took analgesic
medications (P=0.086), and the rest of thepatients reported

Figure 2. (A) Anteroposterior pelvic radiograph and (B) bone scan show sacral insufficiency
fractures and hot-uptake of both areas of the sacrum in a 68-year-old female who
complained of lower back pain without trauma. (C) Anteroposterior pelvic radiograph and (D)
T1-weighted MRI show sacral insufficiency fractures and lower signal intensity in the right
area of the sacrum in a 70-year-old female who complained of lower back pain after a fall.
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not taking analgesic medications. At 6months, 14.3% (3 of
21) of group I and 25.0% (5 of 20) of group II patients were
still using analgesic medications (P = 0.387).

The mean time to mobilization was 1.26 0.4 weeks
in group I, compared with 2.0 6 0.3 weeks in group II
(P , 0.001; Table 2).

Themedian time from fracture to the first sign of callus
of the sacral insufficiency fracture, as verified by x-ray,
was 10.6 weeks in the treatment group compared with
13.6 weeks in the control group (P , 0.001). At week 8,
which was the primary end point, all fractures in the
treatment group and 2 fractures in the control group had
healed [healing rate, 100% (95% confidence interval,
87.5% to 100.0%) compared with 10% (95% confi-
dence interval, 2.5% to 14.7%)].

Discussion

Sacral insufficiency fractures in the elderly are associated
with delayed fracture healing as a result of impaired bone
quality, causing long-term pain and long-term immobili-
zation, which lead to greater morbidity and mortality. To
date, several methods for treatment of sacral insufficiency
fractures have been introduced (3–5, 15) (Table 3).

This article reports on the effects of teriparatide treat-
ment of sacral insufficiency fractures in elderly patients.Our
results indicate earlier subsidence of pain and earlier mo-
bilization occur after teriparatide treatment.

Sacroplasty has recently been considered 1 of the
options to treat intractable pain associated with sacral

insufficiency fractures.Many authors have reported good
results with sacroplasty (3–5, 15). Gupta et al. (5) per-
formed sacroplasty in 53 elderly patients with sacral
insufficiency fractures and reported pain reduction and
functional outcomes at a mean of 27 days after sacro-
plasty. However, it was difficult to make a direct com-
parison with patients in the control group, who were
treated with a conservative method, because these studies
were case reports or case series. In addition, sacroplasty
has a severe shortcoming in that cement-related com-
plications may occur, and a physiologic bone healing
pathway is not followed. However, our controlled study
using teriparatide showed outcomes comparable with
studies involving sacroplasty. Fromweek 0 to week 8, the
mean VAS score improved from 7.6 to 3.2 in the treat-
ment group and from 7.7 to 6.5 in the control group. The
mean time to mobilization was 1.1 6 0.4 weeks in the
teriparatide treatment group comparedwith4.060.3weeks
in the control group (P, 0.001). Our results indicate that
teriparatide treatment in patients with sacral insufficiency
fracture resulted in earlier subsidence of pain and mo-
bilization compared with the control group. In addition,
patients with sacral insufficiency fracture often have
concomitant osteoporosis, for which teriparatide can be
used as an anabolic agent.

At the 4-week follow-up, the pain score in the ter-
iparatide treatment group was significantly lower than
that in the control group. Teriparatide injection therapy
rapidly and significantly reduced back pain in patients
with vertebral fractures. Genant et al. (16) reported that

Table 2. Functional Outcomes

Group I (n = 21) Group II (n = 20) P

VAS score
Week 0 6.9 6 1.5 6.5 6 2.5 0.873
Week 1 4.2 6 1.7 4.6 6 1.8 0.113
Week 4 3.8 6 1.7 5.1 6 1.6 0.002
Week 8 3.4 6 1.8 4.8 6 1.8 0.642

Time to mobilization, wk 1.2 6 0.4 2.0 6 0.3 ,0.001

Group I was the teriparatide treatment group; group II was the control group.

Figure 3. (A, B) Proportions of group I (teriparatide treatment group) and group II (control) with mild, moderate, or severe pain on the VAS from
baseline to 12 weeks.
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the risk of back painwas reduced by 31% formoderate or
severe back pain and by 57% for severe back pain after
using teriparatide. A meta-analysis involving 5 clinical
trials reported that patients in the pooled teriparatide
group had a reduced relative risk that ranged from0.44 to
0.60 for all types of back pain. Although there are no data
suggesting an analgesic effect of teriparatide, teriparatide
has been shown in animal models to accelerate fracture
healing and may heal and stabilize preexisting fractures
or microdamage in patients with advanced osteoporosis
(17–19).

The effectiveness of teriparatide for healing fractures
has been reported by several studies in delayed or non-
union, atypical femoral fractures, pelvic bone fractures,
and other fractures (6, 10, 20, 21). Several studies have
suggested that bone healing in humans is enhanced by
PTH treatment (22–24). Chiang et al. (25) demonstrated
that teriparatide use was associated with increased bone
remodeling in patients with atypical femoral fractures
after surgical procedures. Peichl et al. (11) performed a
case-control study in patients with pelvic bone fracture
using PTH treatment (21 patients) and conservative
treatment (44 patients). They reported that the mean time
to fracture healing was 7.8 weeks in the treatment
group compared with 12.6 weeks in the control group
(P, 0.001). This study is consistent with previous reports.
We found that the mean time to fracture healing was
7.4weeks in the treatment group comparedwith13.6weeks
in the control group. Although the exact mechanisms by
which PTH stimulates bone healing in various animal
models are unclear, PTH stimulates hard-callus formation
and increases the strength of the fracture site (17, 26).

This study has several limitations. First, this was a
retrospective case-control study, and thus, selection bias
might have been introduced when choosing members of
the control group. In our study, a protocol for referral to
MRI or computed tomography could not be applied to all
patients with hip pain after trauma who had normal or

equivocal findings on conventional radiographs during
the study period. Second, this study involved insufficient
assessment of the union at the fracture site. Fracture
healing was assessed using standard radiography.
However, most fracture healing occurs in the trabecular
area of the sacrum. Formation of bony callus in sacral
insufficiency fractures is not typically visible. Therefore,
the exact time of fracture healing was difficult to de-
termine in most patients. Finally, the patient response
with respect to the VAS and time to mobilization were
nonuniform; although documentation of these scores
became routine during the study period, their validity in a
retrospective study is insufficient. Despite these limita-
tions, this study aimed to evaluate the efficacy of ter-
iparatide in patients with sacral insufficiency fractures.

In conclusion, in patients in this population (senile
patients with preexisting comorbidities) who have sa-
cral insufficiency fractures, teriparatide treatment may
achieve earlier pain reduction and mobilization, with
reduced healing time and reduced risk of complications.
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Maurer F, Fell M, Mayr E, Quirini WW, Schlickewei W, Weinberg
A. Pelvic fractures: epidemiology, therapy and long-term outcome.

Table 3. Studies of Treatment of Sacral Insufficiency Fracture

Author
Study
Design Population

Mean
age (y) Intervention Outcome Complication

Brook et al (3) Case report 2 Sacroplasty Rapid and sustained pain
relief

N/A

Butler et al (13) Case report 6 71 Sacroplasty Mild degree of pain relief at
2 weeks in 5 patients (83%)

Venous intravasation
of the PMMA

Frey et al (4) Prospective
cohort

40 75.9 Sacroplasty Rapid and sustained pain
relief

Transient S1 radiculitis

Gupta et al (5) Case series 53 76.4 Sacroplasty Marked pain reduction at
3 weeks

N/A

Current study Case-control 21 73.3 PTH Marked pain reduction at
4 weeks; mild degree of pain relief
at 1 week in 9 patients (43%)

N/A

Abbreviations: N/A, not applicable; PMMA, polymethyl methacrylate.

564 Yoo et al Teriparatide in Sacral Insufficiency Fracture J Clin Endocrinol Metab, February 2017, 102(2):560–565

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/2/560/2972091 by guest on 20 M
arch 2024

mailto:hayongch@naver.com


Overview of the multicenter study of the Pelvis Study Group [in
German]. Unfallchirurg. 1996;99(3):160–167.

3. Brook AL, Mirsky DM, Bello JA. Computerized tomography
guided sacroplasty: a practical treatment for sacral insufficiency
fracture: case report. Spine. 2005;30(15):E450–E454.

4. Frey ME, DepalmaMJ, Cifu DX, Bhagia SM, Carne W, Daitch JS.
Percutaneous sacroplasty for osteoporotic sacral insufficiency
fractures: a prospective, multicenter, observational pilot study.
Spine J. 2008;8(2):367–373.

5. Gupta AC, Chandra RV, Yoo AJ, Leslie-Mazwi TM, Bell DL,
Mehta BP, Vanderboom TL, Rabinov JD, Larvie M, Hirsch JA.
Safety and effectiveness of sacroplasty: a large single-center expe-
rience. AJNR Am J Neuroradiol. 2014;35(11):2202–2206.

6. Chintamaneni S, Finzel K, Gruber BL. Successful treatment of
sternal fracture nonunion with teriparatide.Osteoporos Int. 2010;
21(6):1059–1063.

7. Coppola C, Del Buono A,Maffulli N. Teriparatide in fracture non-
unions. Transl Med UniSa. 2014;12(1):47–53.

8. ImG-I, Lee S-H. Effect of teriparatide on healing of atypical femoral
fractures: a systemic review. J Bone Metab. 2015;22(4):183–189.

9. MiyakoshiN, AizawaT, Sasaki S, Ando S,Maekawa S, AonumaH,
Tsuchie H, Sasaki H, Kasukawa Y, Shimada Y. Healing of
bisphosphonate-associated atypical femoral fractures in patients
with osteoporosis: a comparison between treatment with and
without teriparatide. J Bone Miner Metab. 2015;33(5):553–559.
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