
Effects of Teriparatide Compared with Risedronate on
Recovery After Pertrochanteric Hip Fracture

Results of a Randomized, Active-Controlled, Double-Blind Clinical Trial at 26 Weeks

Per Aspenberg, MD, PhD, Jorge Malouf, MD, PhD, Umberto Tarantino, MD, PhD, Pedro A. Garcı́a-Hernández, MD,
Costantino Corradini, MD, Søren Overgaard, MD, DMSc, Jan J. Stepan, MD, PhD, ScD, Lars Borris, MD,

Eric Lespessailles, MD, PhD, Frede Frihagen, MD, PhD, Kyriakos Papavasiliou, MD, PhD, Helmut Petto, PhD,
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Background: Osteoporosis drugs might affect fracture-healing. We therefore studied the effects of teriparatide in
comparison with risedronate on recovery after pertrochanteric hip fractures.

Methods: The study was a randomized, multicenter, active-controlled, 78-week trial comparing teriparatide (20 mg/day)
with risedronate (35 mg/week) initiated within 2 weeks after fixation of a low-trauma pertrochanteric hip fracture (AO/OTA
31-A1 or 31-A2). The main inclusion criteria were a bone mineral density T-score of £22.0 and 25-OH-vitamin D of
‡9.2 ng/mL. During the first 26 weeks, patients received study medication with oral or injectable placebo plus calcium
and vitamin D in a double-blinded fashion. Secondary (Timed Up-and-Go [TUG] test, hip pain, Short Form [SF]-36 health
status, and safety) and exploratory (radiographic outcomes and ability to walk) 26-week end points are reported.

Results: Of the 224 patients who were randomized, 171 (86 teriparatide, 85 risedronate) were included in the analysis.
The mean age was 77 ± 8 years, 77% were female, and 26% had a prior history of low-trauma fracture. The teriparatide
group completed the TUG test in a shorter time at 6, 12, 18, and 26 weeks (differences of25.7,24.4,23.1, and23.1
seconds, respectively; p = 0.021 for the overall difference). They also reported less pain on a visual analog scale
immediately after the TUG test at 12 and 18 weeks (adjusted absolute differences of 10.6 and 11.9 mm, respectively;
p < 0.05). There were no significant between-group differences in the SF-36 score, Charnley hip pain score, ability to walk,
or use of walking aids during follow-up. Radiographic healing at 6, 12, and 26 weeks, mechanical failure of the implant
(teriparatide, 7; risedronate, 8), loss of reduction (teriparatide, 2; risedronate, 4), and nonunion (0 cases) were not
significantly different. Mild hypercalcemia and hyperuricemia were more frequent with teriparatide.

Conclusions: Teriparatide was associated with less pain and a shorter time to complete the TUG test between 6 and
26 weeks compared with risedronate. Other fracture-recovery outcomes were similar. The results should be interpreted
with caution as these were secondary end points.

Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.

A
pproximately 1 in 6 women in North America will
experience a hip fracture in their lifetime1. Patients 55
years or older with hip fractures have an overall 1-year

mortality rate of up to 39%2, and the survivors have a decreased
life expectancy, loss of physical function, and impaired quality
of life2-4, mainly because of frailty5,6. Hip fractures are often

associated with osteoporosis, and they are strong risk factors
for fractures at other skeletal sites7,8.

The 2 major categories of pharmacological treatment for
osteoporosis are antiresorptive and bone anabolic medications.
Approved antiresorptives include bisphosphonates, selective es-
trogen receptormodulators, denosumab, and strontium ranelate.
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Teriparatide (recombinant human parathyroid hormone [PTH]-
1-34) is the only currently approved anabolic medication for the
treatment of osteoporosis. There is great interest in the effect of
these agents on bone repair and fracture-healing in humans. To
our knowledge, antiresorptive agents have not demonstrated any
deleterious effects on fracture-healing9,10, and they have shown
positive effect in some animal studies11,12. In animal studies, teri-
paratide enhanced bone-healing13-16, and post-hoc analysis of
a randomized trial showed that teriparatide accelerated the time
to cortical continuity of distal radial fractures at a dosage of
20 mg/day, but not at 40 mg/day17. A post-hoc subgroup analysis
showed a positive dose-related effect on early radiographic callus
formation18. A similar study on proximal humeral fractures failed
to show any effect19. PTH-(1-84) seemed to improve fracture-
healing in women with osteoporosis and pelvic fractures20,
although that study had important design limitations21. Case
reports and cohort studies also suggest that teriparatide accel-
erates bone-healing22.

We present the 26-week results of a randomized, double-
blind trial comparing the effect of teriparatide with that of
risedronate on functional and radiographic outcomes after a
pertrochanteric hip fracture inmen and postmenopausal women
with low bone mass. The initial study design was to use physical

function (the Timed Up-and-Go [TUG] test) as the primary
outcome variable. However, in the final design, in order to more
accurately calculate the sample size for the study, the TUG test
became an important secondary end point and the primary
outcome variable was the change from baseline to 18 months in
bone mineral density (BMD) in the lumbar spine; these BMD
results will be published elsewhere. Here we report a preplanned
analysis of all secondary end points and exploratory variables
related to recovery after fracture recovery and to drug safety.

Materials and Methods

From April 2009 to February 2014, hospital-based physicians from 17 countries
in North America, Mexico, and Europe who were experienced in treating

patients with hip fractures screened over 2,400 patients for eligibility. The majority
could not enter the trial, mainly because of dementia, patient decision, or major
comorbidities. A total of 389 patients with a recent pertrochanteric hip fracture
were enrolled. Key eligibility criteria are summarized in Table I.

This study was a Phase-IV, randomized, multicenter, active-controlled
trial with 3 periods: (1) a screening phase lasting a maximum of 14 days from
surgery to randomization; (2) a double-blind, double-dummy treatment pe-
riod from randomization to the 26-week visit; and (3) an open-label treatment
period during which patients continued treatment up to 78 weeks with the
same study drug to which they had been randomized. Here we present results
from the double-blind phase of the trial.

TABLE I Summary of Key Eligibility Criteria for Trial Participants*

Inclusion criteria

Men and postmenopausal women aged ‡50 years

Ambulatory and free of severe or chronically disabling conditions, includingmalignant neoplasms, dementia, and gait problems (ASA score I, II, or III)

Unilateral, low-trauma fracture of the pertrochanteric region (AO/OTA types 31-A1 and 31-A2) treated with an intramedullary nail or a sliding
compression hip screw

Low bone mass (BMD T-score, £22 standard deviations) at the lumbar spine and/or proximal femur

Exclusion criteria

Elevated total alkaline phosphatase (>140 U/L) and/or elevated albumin-corrected serum calcium levels (‡2.65 mmol/L)

Elevated serum PTH (>72 pg/mL)

Severe serum 25-OH-vitamin D deficiency (<9.2 ng/mL)

Abnormally elevated or decreased free thyroxine levels (outside normal range of 9-24 pmol/L)

Active liver disease or clinical jaundice

Substantially impaired renal function (endogenous creatinine clearance, <30 mL/min)

Soft-tissue infection at the operative site

Treatment with bone-grafting or osteotomies

Treatment augmented using any type of degradable cement, hydroxyapatite-coated implants, or noninvasive interventions such as ultrasound,
magnetic field stimulation, or electrical stimulation

Local or systemic treatment with bone morphogenetic proteins or any other growth factor

Polytrauma and fractures at multiple sites

Prior treatment with

Fluoride in therapeutic doses

Strontium ranelate for any duration

Intravenous bisphosphonates at any dose within 12 months prior to visit 1

Denosumab within 6 months prior to visit 1

PTH-(1-84), teriparatide, or other PTH analog

Contraindications to treatment with either of the 2 study drugs (teriparatide or risedronate)

*ASA = American Society of Anesthesiologists.
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The trial was registered at ClinicalTrials.gov (NCT00887354). It was
approved by the responsible institutional review boards at each center and was
conducted in accordance with the Declaration of Helsinki, good clinical
practices, and applicable laws and regulations. Written informed consent was
obtained from all patients before any screening procedures.

At the screening visit, all patients started oral supplements of calcium
(500-1,000 mg/day) and vitamin D (800 IU/day) and discontinued any
ongoing osteoporosis drug. If the baseline serum 25-OH-vitamin D level was
between 9.2 and 16 ng/mL, patients received a single oral loading dose of
100,000 IU of vitamin D. At the baseline visit, patients were randomized in a
1:1 ratio to teriparatide (20 mg/day subcutaneous teriparatide injection plus
weekly oral placebo) or risedronate (daily subcutaneous placebo injection plus
35 mg/week oral risedronate). Treatment assignment was stratified by the type of
fracture (AO/OTA 31-A1 and 31-A2)23 and determined by a computer-generated
random sequence. All patients and investigators were blinded to the study
treatments.

Secondary Outcomes (Efficacy)
Functional mobility was evaluated at the 6, 12, 18, and 26-week visits with the
TUG test

24,25
.

Self-reported hip pain was assessed immediately after completion of the
TUG test using a linear visual analog scale (VAS) on which 0 mm represented
no pain and 100 mm, the most severe pain possible

26
. In addition, a modified

Charnley pain score was used to estimate the worst hip pain in the preceding
24 hours (see Appendix)

27
.

Patient-rated health status was estimated with the Short Form (SF)-36
questionnaire

27-30
, self-administered by the patients at the randomization visit

and the 6, 12, 18, and 26-week visits. Patients also completed the questionnaire
during the screening phase to assess their status during the 4 weeks before the
fracture (recall SF-36 value).

The sequence for the patient-reported outcomes was (1) SF-36 survey,
(2) TUG test, (3) VAS pain assessment, (4) modified Charnley hip pain score,
and (5) ability to walk.

Secondary Outcomes (Safety)
Safety analyses were conducted on all patients who received ‡1 dose of medi-
cation. These included treatment-emergent adverse events (TEAEs); incident
clinical fractures; analgesic use for hip pain; serum levels of 25-OH-vitamin D,
calcium, and uric acid; clinical chemistry and hematology; and vital signs.

Exploratory Variables
Radiographic Outcomes
Hip radiographs were centrally adjudicated by 2 independent radiologists who
were blinded to treatment assignment (Synarc). Adequate fracture reduction
was defined as a femoral neck-shaft angle of 15� valgus to 10� varus relative to
the contralateral, unfractured hip on an anteroposterior radiograph, posterior
angulation of <20� on a lateral radiograph, and proximal fragment alignment
with or superior to the distal fragment on an anteroposterior radiograph. The
lag screw position was considered adequate on the basis of a tip-apex distance
(TAD) of <20 mm

31
together with the criteria defined by Parker

32
. Radiographic

healing was assessed by conventional anteroposterior and lateral radiographs
at 6, 12, and 26 weeks. The variables for evaluating healing were predefined
and included a combination of cortical bridging or softened cortical conti-
nuity, disappearance of the fracture line, stable fracture alignment compared
with the preceding visit, and/or progressive sclerosis at the fracture site.

Mechanical Failure
Mechanical failure of the implant included cutting-out of the screw from the
femoral head (defined as projection of the screw from the femoral head by
>1 mm32); excessive migration of the tip of the screw within the femoral head
(change in TAD of >6 mm); varus collapse with a decrease in femoral neck-
shaft angle of >10�; excessive progression of offset; a sliding plate that was
bent, broken, or pulled off the shaft; or loosened or broken cortical screws.

Fracture nonunion was defined as the absence of radiographic healing
combined with hip pain (Charnley categories 2 to 5; see Appendix) and
inability to walk without assistance (nonfunctional ambulatory or non-
ambulatory) at 26 weeks.

Ability to Walk
Ambulatory functioning was assessed at all post-baseline visits using 4 categories:
community, household, nonfunctional, and nonambulatory

33
. In addition, use of

walking aids was assessed using the following categories: no aid, 1 cane, 1 crutch, 2
canes, 2 crutches, a walker, a person as support, and not walking.

Statistical Methods
Sample size estimation was based on the primary outcome of lumbar spine
BMD after 18 months (results to be presented elsewhere). A difference of
0.023 g/cm2 in BMD between the treatment groups was considered to be
clinically important

34
. Assuming a common standard deviation of 0.047 g/cm2

in each group, 76 patients per treatment arm were planned to yield 85% power
at a significance level of 0.05 (2-sided test). Allowing for a 30% loss, we planned
to enroll 109 patients per treatment arm. Efficacy analyses for effects on
functional recovery were conducted on the full analysis set (FAS), which follows
the intent-to-treat principle and includes data from all patients who received
‡1 dose of the trial drug (active or placebo) and had ‡1 follow-up visit that
included any efficacy assessment.

Baseline characteristics were summarized descriptively. The analysis of
the TUG test, patient-rated health status, and hip pain VASwas performed with
a mixed-effects model for repeated measures (MMRM), which accounts for
data missing at random by using the correlation of observations within each
patient and without the need of any explicit imputations

35
. Treatment, visit,

treatment-visit interaction, and type of fracture were always included as fixed
effects in theMMRM.Other variables were included as prespecified, depending
on the end point. TUG test results were derived from log-transformed data.
All non-missing data from the FAS were analyzed. At each follow-up visit,
covariate-adjusted (least squares) mean changes from baseline with standard

Fig. 1

Consolidated Standards of Reporting Trials (CONSORT) flow diagram

showing patient disposition. The FAS includes all randomized patients

who received ‡1 dose of study medication (active or placebo dummy) and

had ‡1 onsite follow-up visit with any efficacy assessment. Eight ran-

domized subjects (5 teriparatide and 3 risedronate) never took the study

medication. Two enrolled subjects were not screening failures but were

not randomized.
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errors were derived for the 2 treatments and p values were reported for their
differences. Hip pain using the Charnley score and radiographic healing were
analyzed with logistic regression with repeated measures to model the proba-
bility of a positive outcome. Frequencies of patients with surgical complications
and TEAEs were compared using the Fisher exact test. All data were analyzed
using SAS software (version 9.4).

Results
Patient Disposition and Baseline Characteristics

Overall, 224 patients were randomized, and 171 (86 teri-
paratide, 85 risedronate) contributed to the efficacy anal-

ysis. Ninety-four patients (42%) did not complete the 26-week

TABLE II Patient Characteristics*

Teriparatide (N = 86) Risedronate (N = 85) Total (N = 171)

Age† (yr) 77.2 ± 8.0 76.4 ± 7.5 76.8 ± 7.7

Sex‡

Female 66 (76.7) 66 (77.6) 132 (77.2)

Male 20 (23.3) 19 (22.4) 39 (22.8)

Height† (cm) 163.3 ± 9.5 162.2 ± 9.5 162.8 ± 9.5

Weight† (kg) 66.8 ± 12.5 68.1 ± 12.0 67.1 ± 12.2

BMI† (kg/m2) 25.0 ± 3.9 25.8 ± 3.8 25.4 ± 3.9

History of smoking in the past
6 months‡

12 (14.0) 14 (16.5) 26 (15.2)

Prior osteoporosis drug use‡

‡1 osteoporosis drug 12 (14.0) 11 (12.9) 23 (13.5)

‡1 bisphosphonate§ 7 (8.1) 9 (10.6) 16 (9.4)

Other osteoporosis drugs# 6 (7.0) 3 (3.5) 9 (5.3)

Duration of prior bisphosphonate
use** (mo)

65.6 (38.0-78.8) 24.4 (5.1-42.8) 40.4 (10.4-74.8)

Glucocorticoid use during the study‡ 11 (10.4) 7 (6.4) 18 (8.3)

Vitamin D megadose before
randomization‡,‡‡

12 (14.0) 21 (24.7) 33 (19.3)

Dose** (IU) 100,000 (100,000-100,000) 100,000 (100,000-100,000) 100,000 (100,000-100,000)

Patients with ‡1 fracture between
age 50 years and study entry‡

All fractures 37 (43.0) 30 (35.3) 67 (39.2)

Low-trauma fractures 27 (31.4) 17 (20.0) 44 (25.7)

No. of low-trauma fractures
in such patients†

1.2 ± 0.40 1.5 ± 0.94 1.3 ± 0.67

Time from last fracture to
randomization** (yr)

Low-trauma fracture at any location 4.0 (0.6-10.3) 4.0 (1.6-10.5) 4.0 (1.2-10.3)

Total no. of low-trauma fractures§§,## 32 23 55

Vertebral*** (no. [% of total]) 3 (9.4) 3 (13.0) 6 (10.9)

Nonvertebral (no. [% of total]) 29 (90.6) 20 (87.0) 49 (89.1)

Main nonvertebral fractures†††
(no. [% of total])

17 (53.1) 11 (47.8) 28 (50.9)

No. in safety population‡‡‡ 106 110 216

Anticoagulant therapy‡ 96 (90.6) 102 (92.7) 198 (91.7)

*Percentages are based on the number of patients with non-missing values. Patients in the FAS are included. BMI =bodymass index.†The values are
given as the mean and the standard deviation. ‡The values are given as the number of patients, with the percentage in parentheses. §Alendronate,
risedronate, or ibandronate. #Other osteoporosis drugs included calcium and/or vitamin D, calcitonin, selective estrogen receptor modulators, and
vitamin D active metabolites. **The values are given as the median, with the interquartile range in parentheses. ‡‡A vitamin D megadose was
administered in patients with 25-OH-vitamin D levels between 9.2 and 16 ng/mL at baseline. §§A patient with fractures at multiple locations may be
counted multiple times. ##Percentages are based on the total number of low-trauma fractures. ***Vertebral fractures include fractures of thoracic,
lumbar, and thoracolumbar vertebrae. †††Main nonvertebral fractures include fractures of the hip, distal aspect of the femur, forearm, humerus,
pelvis, ribs, and tibia. ‡‡‡The safety population includes all patients receiving ‡1 dose of study medication (active or placebo dummy).
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TABLE III Index Hip Fracture Characteristics and Surgical Details*

Teriparatide (N = 86) Risedronate (N = 85) Total (N = 171)

Side†

Right 48 (55.8) 40 (47.1) 88 (51.5)

Left 38 (44.2) 45 (52.9) 83 (48.5)

Type of fracture†‡

AO/OTA 31-A1 38 (45.8) 45 (54.2) 83 (50.0)

AO/OTA 31-A2 45 (54.2) 37 (44.6) 82 (49.4)

Other (intracapsular) 0 1 (1.2) 1 (0.6)

Hip fracture on dominant side† 49 (57.0) 38 (44.7) 87 (50.9)

Time from hip fracture to hospital admission† (days) 0.5 ± 1.2 0.5 ± 1.8 0.5 ( ± 1.5)

Time from hip fracture to surgery§ (days) 2 (1-5) 2 (1-4) 2 (1-4)

Time from hip fracture to administration of
first treatment dose§ (days)

15 (12-18) 15 (12-18) 15 (12-18)

Time from surgical repair to administration of
first treatment dose§ (days)

9 (8-11) 10 (8-12) 9 (8-12)

Anesthesia given†

Regional 61 (70.9) 61 (71.8) 122 (71.3)

General 25 (29.1) 24 (28.2) 49 (28.7)

Reduction†

Closed 77 (89.5) 71 (83.5) 148 (86.5)

Open 9 (10.5) 14 (16.5) 23 (13.5)

Duration of surgery from incision to closure§ (min) 60 (40-70) 60 (40-87) 60 (40-80)

Reaming of the diaphysis†

Yes 19 (22.1) 8 (9.5) 27 (15.9)

No 67 (77.9) 76 (90.5) 143 (84.1)

Patients needing ‡1 blood transfusion† 13 (15.1) 20 (23.5) 33 (19.3)

Type of trochanteric implant used†

Trochanteric intramedullary nail 53 (61.6) 44 (51.8) 97 (56.7)

Sliding hip screw system 33 (38.4) 41 (48.2) 74 (43.3)

Duration of hospital stay§ (days) 12 (9-15) 11 (8-15) 12 (9-15)

Discharge destination†

Rehabilitation hospital 46 (53.5) 39 (45.9) 85 (49.7)

Home 37 (43.0) 44 (51.8) 81 (47.4)

Nursing home 3 (3.5) 2 (2.4) Five (2.9)

Overall adequate reduction†‡#

Yes 63 (94) 62 (93.9) 125 (94.0)

No 4 (6.0) 4 (6.1) 8 (6.0)

Missing 19 (22.1) 19 (22.4) 38 (22.2)

Adequate position of the lag screw†‡**

Yes 77 (97.5) 75 (96.2) 152 (96.8)

No 2 (2.5) 3 (3.8) Five (3.2)

Missing 7 (8.1) 7 (8.2) 14 (8.2)

Lag screw position‡

TAD§ (mm) 17.8 (12.2-22.8) 16.4 (12.2-21.3) 17.2 (12.2-21.6)

TAD £20 mm† 52 (65.8) 54 (71.1) 106 (68.4)

Missing† 7 (8.1) 9 (10.6) 16 (9.4)

*Percentages are based on the number of patients with non-missing values. Patients in the FAS are included.†The values are given as the number of patients, with
the percentage in parentheses. ‡As determined by the independent radiologists. The values are given as the mean and the standard deviation. §The values are
given as the median, with the interquartile range in parentheses. #Criteria for adequate reduction: femoral-neck angle, anatomical to 15� valgus or 10� varus on
anteroposterior radiograph; posterior angulation: <20� on lateral radiograph; proximal fragment: not inferior to the distal fragment on the anteroposterior radiograph.
**An adequate position of the lag screw is achieved when the tip of the screw is placed central and central, inferior and central, or inferior and posterior within the
femoral head.
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visit (Fig. 1). Patient characteristics and characteristics of the
index hip fracture and surgery are summarized in Tables II
and III. Details regarding the implants are reported in the
Appendix.

Secondary Outcomes
Functional Mobility
Overall, the time required to complete the TUG test was shorter
with teriparatide than with risedronate at 6, 12, 18, and 26 weeks

(differences of 25.7, 24.4, 23.1, and 23.1 seconds, respec-
tively; p = 0.021 for the overall between-treatment differ-
ence). The least-squares mean times with teriparatide and
risedronate were 26.4 and 32.1 seconds (p = 0.029) at 6 weeks,
20.2 and 24.7 seconds (p = 0.026) at 12 weeks, 18.0 and 21.2
seconds (p = 0.074) at 18 weeks, and 16.8 and 20.0 seconds
(p = 0.058) at 26 weeks, respectively (Fig. 2; see Appendix).
Post-hoc analysis of unadjusted data showed similar results
(data not shown).

Fig. 2

Assessment of functionalmobility by the time to complete the TUG test. Age, visit, type of walking aid, SF-36 physical component summary at the screening

visit, and a satisfactory Charnley hip pain score at baseline were significantly associated with the outcome. aMMRM analysis (with log-transformation);

variables in the fullmodel included treatment, visit, treatment-visit interaction, age, typeof fracture, typeof reduction, typeofwalkingaid, recall SF-36physical

component score, and baseline Charnley hip pain score. The total number of patients who contributed to the MMRM was 157 (79 teriparatide,

78 risedronate). CI = confidence interval, and LS = least squares.

Fig. 3

Evaluation of self-reported hip pain during the TUG test using a 100-mm VAS. Visit, adequate reduction, and the interaction between treatment

and adequate reduction were significantly associated with the outcome. aMMRM analysis; variables in the full model included treatment, visit,

treatment-visit interaction, type of fracture, type of reduction, adequacy of reduction, use of opioids, and use of nonsteroidal anti-inflammatory drugs.
bThe lower confidence interval crosses zero for teriparatide. The total number of patientswho contributed to theMMRMwas126 (63 in each treatment arm).

LS = least squares.

1873

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 98-A d NUMBER 22 d NOVEMBER 16, 2016
EFFECTS OF TER IPARAT IDE COMPARED WITH RISEDRONATE ON

RECOVERY AFTER PERTROCHANTER IC HIP FRACTURE



Self-Reported Hip Pain
VAS-assessed hip pain during the TUG test was reduced with teri-
paratide compared with risedronate (p = 0.032 for the between-
treatment difference). The adjusted absolute difference was
10.6mmat 12weeks (p= 0.041), 11.9mmat 18weeks (p= 0.023),

and 10.1 mm at 26 weeks (p = 0.054) (Fig. 3; see Appendix).
Logistic regression analysis found no significant difference in
the number of patients experiencing a satisfactory Charnley
hip pain score between treatment arms at any time point (see
Appendix).

TABLE IV Patient-Rated Health Status by SF-36 Questionnaire Physical Function Component*

Teriparatide (N = 67) Risedronate (N = 66) P Value†

Visit 1 (recall SF-36)‡ 45.7 (13.4) 47.3 (12.0)

Visit 2 (baseline)§# 30.1 (1.51) 31.8 (1.53)

Week 6# 37.6 (1.52) 36.8 (1.52) 0.205

Week 12# 41.5 (1.55) 42.6 (1.53) 0.737

Week 18# 44.5 (1.57) 44.6 (1.55) 0.435

Week 26# 46.4 (1.59) 45.8 (1.55) 0.267

*P < 0.001 versus baseline for both drugs at 6, 12, 18, and 26 weeks. †Using MMRM; full model adjusted by treatment, visit, treatment-visit
interaction, sex, age, adequacy of reduction, and type of fracture (AO/OTA 31-A1 vs. 31-A2).‡The values are given as the mean and the standard
deviation. §Randomization visit. #The values are given as the least-squares mean and the standard error.

TABLE V Safety Analyses*

Teriparatide (N = 106) Risedronate (N = 110) Total (N = 216) Fisher P Value

Adverse events†

Any TEAE 52 (49.1) 50 (45.5) 102 (47.2) 0.683

Leading to discontinuation 5 (4.7) 6 (5.5) 11 (5.1) 1.000

Serious TEAE 14 (13.2) 21 (19.1) 35 (16.2) 0.271

Leading to hospitalization 12 (11.3) 15 (13.6) 27 (12.5) 0.683

Death 2 (1.9) 5 (4.5) 7 (3.2) 0.446

Clinical fractures

Patients with ‡1 clinical fracture† 3 (2.8) 7 (6.4) 10 (4.6) 0.333

No. of new fractures 3 8 11 0.140‡

Hip 2 5 7

Humerus 1 1 2

Pelvis 0 2 2

Clinical vertebral 0 0 0

Laboratory parameters

Serum 25-OH-vitamin D at 26 wk§ (pmol/mL) 62.2 ± 16.4 [n = 62] 71.3 ± 20.3 [n = 66] 0.006

Serum alkaline phosphatase at 26 wk§ (IU/L) 95.7 ± 29.3 [n = 62] 83.6 ± 21.9 [n = 64] 0.010

Serum cholesterol at 26 wk§ (mmol/L) 4.96 ± 1.11 [n = 85] 5.31 ± 1.08 [n = 83] 0.044#

Hypercalcemia†,**

6 wk 7 (7.4) [n = 81] 5 (5.1) [n = 78] 0.766

26 wk 8 (12.9) [n = 62] 1 (1.5) [n = 62] 0.032

Hyperuricemia†,††

6 wk 13 (15.9) [n = 82] 4 (5.1) [n = 79] 0.038

26 wk 9 (14.5) [n = 62] 6 (9.4) [n = 64] 0.420

*Safety analyses included all patients receiving ‡1 dose of study medication (active or placebo dummy). Percentages are based on the number of
patients with non-missing values. †The values are given as the number of patients, with the percentage in parentheses and with or without the
number of patients with data in brackets.‡Poisson regression. §The values are given as the mean and the standard deviation, with or without the
number of patients with data in brackets. #Last observation carried forward analysis. **Albumin-corrected serum calcium, >10.6 mg/dL.
††Serum uric acid, >8.3 mg/dL in men and >7.5 mg/dL in women.
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Patient-Rated Health Status
There was no significant between-treatment difference in the
change from baseline for any of the 8 domains of the SF-36 at any
time point (Table IV). Depending on the domain, values re-
turned to the pre-fracture status by 12 to 18 weeks. Age and sex
were associated with the physical function domain results. In
contrast, the type of fracture and adequacy of the reduction were
not associated with any of the domain results (data not shown).

Safety
Treatment compliance (defined as not having missed >25% of
the study medication at 2 consecutive visits) was 98.6% for
teriparatide and 100% for risedronate. This information was
not fully available in 37 patients. Fewer patients receiving teri-
paratide than risedronate died or reported serious TEAEs or
clinical fractures, but the differences were not significant (Table
V). There were 3 new fractures in the teriparatide group and 8

in the risedronate group (p = 0.14); no clinical vertebral frac-
tures were diagnosed. At 26 weeks, the overall rate of analgesic
use was 21% and was similar in both treatment arms (p = 0.85).
Hyperuricemia and hypercalcemia were more frequent with
teriparatide at the 6 and 26-week follow-up visits, respectively
(Table V). Serum alkaline phosphatase was higher (p = 0.01)
and serum cholesterol was lower (p = 0.04) with teriparatide
(Table V). Other laboratory parameters and vital signs were not
significantly different between the 2 treatment arms.

Exploratory Variables
Radiographic Outcomes
At 26 weeks, 100% of the 62 patients with data who received
teriparatide and 98% of the 64 with data who received rise-
dronate had achieved radiographic healing. By 12 weeks, the
rate had been 89% to 90% in both groups. There were no
significant differences in the frequency of implant failure or

TABLE VI Radiographic Findings

Radiographic Outcome Teriparatide* Risedronate* Total* Fisher P Value

Fracture-healing

Evidence of radiographic healing†

Week 6 n = 81 n = 81 n = 162

Present 0 0 0 ND‡

Week 12 n = 69 n = 74 n = 143

Present 62 (89.9) 66 (89.2) 128 (89.5) 1.000

Week 26 n = 62 n = 64 n = 126

Present 62 (100) 63 (98.4) 125 (99.2) 1.000

Time to radiographic healing§ (days) 86 (84-91) 84 (84-87) 0.547#

Fracture nonunion** 0 (0) 0 (0) ND‡

Mechanical failure of implant n = 62 n = 64 n = 126

Patients with >1 mechanical failure 7 (11.3) 8 (12.5) 15 (11.9) 0.577

Reason for implant failure

Varus collapse†† 0 1 (1.6) 1 (0.8)

Side plate bent, broken, or pulled off 1 (1.6) 1 (1.6) 2 (1.6)

Loosening of cortical screws 1 (1.6) 0 1 (0.8)

Excessive progression of offset‡‡ 5 (8.1) 7 (10.9) 12 (9.5)

Implant cut-out 1 (1.6) 1 (1.6) 2 (1.6)

Loss of reduction§§ n = 63 n = 62 n = 125

Present 2 (3.2) 4 (6.5) 6 (4.8) 0.440

Absent 61 (96.8) 58 (93.5) 119 (95.2)

Missing 23 (36.5) 23 (37.1) 46 (36.8)

*The values are given as the number of patients, with the percentage in parentheses, except where otherwise noted. Percentages are based on
the number of patients with non-missing values. †Radiographic criteria for fracture-healing: an invisible or sclerotic fracture line, cortical bridging
or softened cortical continuity, and stable fracture alignment compared with preceding visit. ‡ND = not determined. §The values are given as the
median, with the interquartile range in parentheses. #Log-rank test. **Nonunion was defined as the absence of radiographic healing associated
with hip pain (i.e., Charnley hip pain score of ‡3) and the inability to walk without assistance at 26 weeks after randomization. ††Femoral neck-
shaft angle >10�. ‡‡Excessive progression of offset was defined as >20% offset deviation of the operatively treated hip compared with the
contralateral hip. Offset could not be calculated in 18 patients because of the lack of contralateral hip radiographs. §§Loss of reduction was
defined as a change from “No” at Week 6 to “Yes” in any of these variables at any later visit: (a) femoral-neck angle, anatomical to 15� valgus
or 10� varus on the anteroposterior radiograph; (b) posterior angulation, <20� on the lateral radiograph; and (c) proximal fragment alignment with
or superior to the distal fragment on the anteroposterior radiograph.
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loss of reduction between the 2 treatment arms (Table VI). No
patient showed fracture nonunion (Table VI).

Ability to Walk
There were no significant differences between treatment groups
at any follow-up period with respect to the ability to walk or the
use of walking aids. By 26 weeks, all patients were ambulatory
except for 1 in the teriparatide arm. No walking aid was needed
by 36 patients (58%) receiving teriparatide and 36 (55%) re-
ceiving risedronate (p = 0.8).

Discussion

The overall trial was designed to evaluate a primary vari-
able not related to recovery from fracture. However, judging

by secondary outcomes (TUG test and pain during the test),
teriparatide appears to be associated with a better early func-
tional outcome after pertrochanteric hip fractures compared
with risedronate. This earlier recovery of functionmight possibly
reflect an earlier mature fracture union due to teriparatide, even
though the study was not designed to show that per se. The
alternative that teriparatide had other non-fracture-related ef-
fects appears unlikely, lacking biological plausibility. A third
possibility would be that risedronate had a negative effect, which
appears unlikely, as bisphosphonates have been shown not to
impair healing in comparison with placebo36-38, with the po-
tential exception of distal radial fractures39, and likely improve
implant fixation40. A positive effect of teriparatide on human
fracture recovery would not be surprising, considering the
positive effect on bone-healing in various animal models13-16,21,41.

Other secondary efficacy outcomes (SF-36, Charnley
score, and ability to walk) showed no significant differences.
However, the TUG test might be considered more clinically
relevant than the SF-36 in these patients, as it better predicts
future walking activity and activity level25, and a rapid return to
function is likely to diminish the rate of late complications and
falls24,42. Moreover, patient-reported health-related quality of
life is a consequence of both hip function and other unrelated
factors, which add sources of variation. We therefore consider
the TUG test not only more important, but also more sensitive,
than the other secondary outcome variables. The absolute
differences in the time to complete the TUG test between the 2
treatments were larger than the 1.4 to 2.4 seconds considered to
be the minimal clinically important difference for this test43,44.
Still, these results are only hypothesis-generating.

The absence of significant differences in radiographic
healing is notable. However, the radiographic variables were
coarse and appeared to miss the relevant time points, as no
fractures were radiographically “healed” at the first examination
(at 6 weeks) and the vast majority were at the second time point
(at 12 weeks). Moreover, development of callus or disappearance
of the fracture line is unreliable for assessing clinical healing of
hip fractures45,46. Given the small number of radiographs that can
bemade to monitor fracture-healing—especially in frail subjects
with hip fractures—this end point was exploratory, and not
among the predetermined secondary outcomes.

To our knowledge, there is no trial that has unequivocally
demonstrated improved fracture-healing with teriparatide in
humans to date. A proof-of-concept, placebo-controlled trial
has shown accelerated healing of wrist fractures, but the pri-
mary outcome of that study, using the higher teriparatide dose,
was not significant17,18. A similar trial on proximal humeral
fractures could not show any effect19. A trial on pelvic fractures
in women with osteoporosis treated using human PTH-(1-84)
showed an extraordinary acceleration of healing20. However,
there is a risk of bias in that study, as the investigator was aware
of the planned treatment when deciding whether or not to
include a patient. Moreover, the TUG test time appeared to be
remarkably long in that investigation21. A retrospective study
of unstable pertrochanteric fractures suggested a reduction of
approximately 3 weeks in the time to radiographic union with
teriparatide compared with unblinded controls47. Apart from
these studies, there are only case series available, which often
suggest a beneficial effect of osteoporosis treatment on fracture-
healing. The adjustment for confounders in those studies was
often insufficient because of limited data or sample size21,48.

To our knowledge, this study is the first prospective,
randomized, blinded study to analyze osteoporosis drug effects
on functional recovery after a hip fracture, which is a difficult
clinical model to assess49. Methodological strengths are the pre-
defined analysis plan, using validated instruments to measure
functional outcomes and pain, and the central, blinded reading
of the radiographs using prespecified diagnostic criteria. Biases
were avoided through a double-dummy design and complete
blinding. We allowed patients who were already using osteo-
porosis drugs to participate.

Limitations include the fact that the study was primarily
designed to measure the effects on spinal BMD and that frac-
ture recovery was a secondary outcome. Thus, all variables
either were testing secondary hypotheses or were exploratory.
We had not formally ranked the SF-36, TUG test, and pain for
importance, so our emphasis on the TUG test might have been
biased by the outcome. The strict eligibility criteria for the trial
were aimed at reducing the variability in the patient cohort, but
it created a selection bias toward a healthier population and
thus limited external validity for more impaired subjects with
comorbidities such as dementia or a history of malignancy.
Finally, we had a very high dropout rate and low compliance
with visits and study procedures. This is not unexpected in
frail, elderly subjects with a severe fracture, and it stresses the
difficulties of performing randomized clinical trials involving
frequent, cumbersome postoperative assessments in elderly
patients with fractures in whom transportation issues are
substantial.

In conclusion, the improved functional performance and
reduced hip pain with teriparatide concur with previous studies
suggesting, but not unequivocally showing, that teriparatide
may improve acute fracture-healing.

Appendix
Tables showing the modified Charnley pain score and
measured pain categories, details of the surgical implants,
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and measured TUG test times and hip pain levels are available
with the online version of this article as a data supplement at
jbjs.org. n
NOTE: Medical writing support was provided by Dr. Pradnya Kulkarni from Trilogy Writing and
Consulting GmbH, Frankfurt, Germany. The study had the following principal investigators (with
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