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Norian SRS Cement Compared 
with Conventional Fixation in 

Distal Radial Fractures
A RANDOMIZED STUDY

BY CHARLES CASSIDY, MD, JESSE B. JUPITER, MD, MARK COHEN, MD, 
MICHELLE DELLI-SANTI, BS, COLIN FENNELL, MD, CHARLES LEINBERRY, MD, 

JEFFREY HUSBAND, MD, AMY LADD, MD, WILLIAM R. SEITZ, MD, AND BRENT CONSTANZ, PHD

Background: A prospective, randomized multicenter study was conducted to evaluate closed reduction and immobili-
zation with and without Norian SRS (Skeletal Repair System) cement in the management of distal radial fractures. No-
rian SRS is a calcium-phosphate bone cement that is injectable, hardens in situ, and cures by a crystallization
reaction to form dahllite, a carbonated apatite equivalent to bone mineral.

Methods: A total of 323 patients with a distal radial fracture were randomized to treatment with or without Norian
SRS cement. Stratification factors included fracture type (intra-articular or extra-articular), hand dominance, bone
density, and the surgeon’s preferred conventional treatment (cast or external fixator). The subjects receiving Norian
SRS underwent a closed reduction followed by injection of the cement percutaneously or through a limited open ap-
proach. Wrist motion, beginning two weeks postoperatively, was encouraged. Control subjects, who had not received
a Norian SRS injection, underwent closed reduction and application of a cast or external fixator for six to eight weeks.
Supplemental Kirschner wires were used in specific instances in both groups. Patients were followed clinically and ra-
diographically at one, two, four, and between six and eight weeks and at three, six, and twelve months. Patients rated
pain and the function of the hand with use of a visual analog scale. Quality of life was assessed with use of the Short
Form-36 (SF-36) health status questionnaire. Complications were recorded.

Results: Significant clinical differences were seen at six to eight weeks postoperatively, with better grip strength,
wrist range of motion, digital motion, use of the hand, and social and emotional function, and less swelling in the pa-
tients treated with Norian SRS than in the control group (p < 0.05). By three months, these differences had normal-
ized except for digital motion, which remained significantly better in the group treated with Norian SRS (p = 0.015). At
one year, no clinical differences were detected. Radiographically, the average change in ulnar variance was greater in
the patients treated with Norian SRS (+2.0 mm) than in the control group (+1.4 mm) (p < 0.02). No differences were
seen in the total number of complications, including loss of reduction. The infection rate, however, was significantly
higher (p < 0.001) in the control group (16.7%) than in the group treated with Norian SRS (2.5%) and the infections
were always related to external fixator pins or Kirschner wires. Four patients with intra-articular extravasation of ce-
ment were identified; no sequelae were observed at twenty-four months. Cement was seen in extraosseous locations
in 112 (70%) of the SRS-treated patients; loss of reduction was highest in this subgroup (37%). The extraosseous
material had disappeared in eighty-three of the 112 patients by twelve months.

Conclusions: Our results indicate that fixation of a distal radial fracture with Norian SRS cement may allow for accel-
erated rehabilitation. A limited open approach and supplemental fixation with Kirschner wires are recommended. Ad-
ditional or alternate fixation is necessary for complex articular fractures.

Level of Evidence: Therapeutic study, Level I-1a (randomized controlled trial [significant difference]). See Instruc-
tions to Authors for a complete description of levels of evidence.

he concept of the use of cement for fracture fixation in
lieu of or as an adjunct to conventional methods was
developed in the 1960s with the advent of polymethyl-TA commentary is available with the electronic versions of this article,

on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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methacrylate bone cement1. In 1989, Schmalholz demonstrated
the efficacy of polymethylmethacrylate in the management of
distal radial fractures2,3. Other authors have advocated the use of
cement in the treatment of distal radial fractures, particu-
larly in older patients4,5. Despite these encouraging reports,
polymethylmethacrylate cement fixation of fractures has not
been embraced, presumably because the compound is neither
remodeled nor incorporated and it cures through an exother-
mic reaction, potentially impairing fracture-healing6.

The Norian Skeletal Repair System (SRS; Norian, Cu-
pertino, California) is a biocompatible cement that has a
higher compressive strength than cancellous bone7. It is an in-
jectable, fast-setting paste that cures in vivo at physiologic pH
and temperature to form an osteoconductive carbonated apa-
tite with chemical and physical properties similar to those of
bone mineral7. The potential value of SRS in managing distal
radial fractures has been demonstrated in two small series
with use of percutaneous8 and open techniques9. More re-
cently, a larger, prospective study comparing SRS and cast
treatment demonstrated superior clinical and radiographic re-
sults in the SRS-treated patients10.

The objective of this randomized, prospective multi-
center clinical trial was to determine the safety and effective-
ness of Norian SRS cement compared with conventional
treatment in patients with unstable and/or displaced fractures
of the distal end of the radius. The two treatment groups were
compared with use of standardized clinical and radiographic
outcome measures.

Materials and Methods
Study Design

his randomized, prospective, active, concurrently con-
trolled clinical trial was initiated in January 1995 to evalu-

ate the treatment outcomes of matched cohorts of patients
with distal radial fractures managed with either Norian SRS
cement (study) or conventional (control) treatment. A total of
323 patients were enrolled at twenty-three investigative cen-
ters. The institutional review board at each center approved
the study protocol and randomization process. The investiga-
tors were required to attend a bioskills workshop on the appli-
cation of Norian SRS cement. A detailed consent form was
signed by each patient prior to enrollment.

Patient Selection
Patients who sustained a displaced and/or unstable (commi-
nuted) distal radial fracture and were at least forty-five years old
and living independently were considered for inclusion in the
study. All patients were volunteers. Inclusion and exclusion cri-
teria were intended to limit the distal radial fractures to isolated,
low-energy displaced fractures that would require manipulative
reduction and some form of immobilization. The inclusion and
exclusion criteria are listed in the Appendix.

Randomization
The patients were assigned to a treatment group (SRS or con-
ventional therapy) according to a stratified and blocked ran-

domization schedule designed to ensure matching and
balance between the groups at each site and overall. The ran-
domization was based on four parameters: fracture type (in-
tra-articular or extra-articular), bone mineral density (average
or below average), side of injury (dominant or nondominant
hand), and the type of designated conventional immobiliza-
tion (cast or external fixator). The fracture type was classified
as intra-articular if any fracture line extended into the radio-
carpal or distal radioulnar joint. The Older et al.11, Frykman12,
and comprehensive AO/ASIF13 classification systems were
used to further define the fracture. Bone mineral density was
determined by dual-x-ray absorptiometry of the uninjured
distal radius. Patients were classified as having either “average”
(values of ≥0.57 g/cm2)14 or “below average” bone quality. The
involved limb was defined as dominant or nondominant. The
fourth randomization parameter was the designation of a cast
or an external fixator for immobilization. For each fracture,
the investigator preoperatively assigned his or her preferred
control treatment. Fractures that then were randomized to the
control group received the preselected treatment (cast or ex-
ternal fixator). Fractures that were randomized to the study
group and received SRS cement received a designation indi-
cating which form of conventional treatment they would have
received had they been randomized to the control group (SRS-
designated cast or SRS-designated external fixator). This ran-
domization method was implemented to attempt to control
for fracture severity while permitting the investigator to treat
the control subjects with his or her preferred method.

Sample Size
Radial length and grip strength data15-17 were used to perform a
power analysis18. In order to detect a mean difference (and
standard deviation) in radial length of 0.75 ± 1.9 mm and a
mean grip strength difference of 5% ± 10% with 90% power, a
sample size of 145 patients per treatment group was needed. A
target of 162 enrolled patients per treatment group was
adopted to accommodate an assumed 10% attrition rate.

Treatment
All procedures were performed in the operating room with
the patient under regional or general anesthesia, within five
days after the injury. SRS treatment included a closed reduc-
tion under image intensification, followed by injection of SRS
cement into the metaphyseal bone defect either through a dor-
sal percutaneous8 or a limited open technique. Early in the
study, the percutaneous method was favored for its apparent
simplicity. However, many investigators had difficulty inject-
ing the cement into the fracture site, encountering obstruc-
tions such as hematoma, cancellous bone fragments, and
inadequate space in which to inject. In addition, the rate of ex-
travasation was quite high. Consequently, beginning with the
thirteenth study patient, a limited open technique was used
exclusively. A 1.5 to 2-cm dorsal incision was made directly
over the metaphyseal component of the fracture between the
third and fourth extensor compartments under tourniquet
hemostasis. The so-called fracture void was prepared by evac-
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uating the fracture hematoma and impacting the crushed
metaphyseal bone to a stable rim with a small elevator or
tamp. The cement was then injected under fluoroscopic con-
trol, excess cement was removed with a sponge, and the tour-
niquet was then released. The limb was not manipulated for
ten minutes to allow the cement to set. The wound was closed,
and a short arm cast was worn for two weeks. The patient then
wore a removable splint for four additional weeks.

Supplemental Kirschner-wire fixation was permitted in
specific instances, including displaced articular fractures that
remained unstable following reduction or nondisplaced artic-
ular fractures at risk of displacement during injection. The
wires were intended to be used to resist only noncompressive
loads (shearing or tensile forces) and were not to be used as
the principal fixation of the metaphyseal component of the
fracture. Intrafocal (Kapandji)19 pinning was not permitted.
The protocol specified that the Kirschner wires be placed prior
to SRS injection and that they be maintained for a minimum
of twenty-four hours to avoid disruption of the cement during
its curing period.

The control group underwent a closed reduction of the
fracture, followed by the application of a short arm cast or an
external fixator, depending on the preference of the individ-
ual investigator. Percutaneous pins were placed at the discre-
tion of the investigator according to previously described
methods20-22; any configuration except intrafocal pinning was
permitted. Immobilization was discontinued at six to eight
weeks postoperatively, as determined by the treating surgeon.

Prior to discharge, all patients were instructed in digital
range-of-motion exercises and limb elevation to reduce
edema. Occupational therapy, including wrist and forearm
range-of-motion exercises, was initiated at two weeks for the
SRS group and at the time of removal of the cast or external
fixator for the control group.

Evaluations
Follow-up evaluations were specified at one, two, four, and be-
tween six and eight weeks, and at three, six, and twelve months
after treatment for all patients. At each visit, designated subjec-
tive, objective, and radiographic data were obtained, and com-
plications were recorded.

Clinical Evaluation
The patient was asked to assess both wrist pain and hand
function with use of a visual analog scale at each follow-up
visit. Interim pain medication usage was documented. Dur-
ing follow-up evaluations at one week and six to eight weeks
and at six and twelve months, the patient completed the
standard validated Short Form-36 (SF-36) health status
questionnaire23,24.

Functional measurements of digital, wrist, and forearm
motion were obtained at each visit by designated occupational
therapists with use of standardized techniques25. Grip strength
was measured with use of the Jamar dynamometer (Thera-
peutic Equipment, Clifton, New Jersey) at the six to eight-
week and the three, six, and twelve-month follow-up visits.

Edema was measured in both groups at the one, two, and six
to eight-week follow-up intervals. Circumferential measure-
ments were obtained at the forearm (10 cm distal to the ole-
cranon process), wrist, and proximal and middle phalanx of
each finger. For patients managed with a cast, the wrist and
forearm measurements began at the time of cast change or re-
moval. Digital circumferences were averaged for the proximal
and middle phalanx. Edema was expressed as a percentage of
the measurements of the contralateral limb.

The Jebsen dexterity test26 was administered at the six to
eight-week and the three, six, and twelve-month intervals. The
time needed to perform each activity was recorded and com-
pared with that for the uninjured limb. The clinical outcome
at twelve months was also assessed with use of the scoring sys-
tem of Green and O’Brien27, as modified by Cooney et al.28. In
this 100-point scale, pain, functional status, range of motion,
and grip strength are assigned equal weight. The visual analog
scale for pain was used to calculate the pain score.

Radiographic Evaluation
Standard posteroanterior and lateral radiographs were made at
each follow-up visit. Independent bone radiologists reviewed
the radiographs and measured radial length29, radial angle (ul-
nar inclination)29-33, volar/dorsal angle31,32, ulnar variance34, ra-
dial shift30-32,35, and articular step-off 36. Radiographic parameters
were compared with those of the uninjured wrist, with the
difference expressed as the change in millimeters or degrees as
appropriate.

Radiographic criteria were established for assessing fail-
ure (loss of reduction). These included a change in the radial
length of >5 mm compared with the contralateral side, a dor-
sal angle of >10° and/or a change in the volar/dorsal angle of
>20°, and an articular step-off of >2 mm. Patients who had
loss of reduction were considered to have had a treatment fail-
ure, and they were considered in the final analysis regardless of
whether any secondary interventions had been required.

Statistical Methods
Statistical analysis was completed with the SAS statistical
software package (version 6.12; SAS Institute, Cary, North
Carolina), the JMP statistical software package (version
3.2.1; SAS Institute), and StatXact (version 4; Cytel Statisti-
cal Software, Cambridge, Massachusetts). Demographic
characteristics of the study groups were compared with the
use of univariate analysis of variance for the continuous vari-
ables and with the use of chi square for the categorical vari-
ables. Univariate analyses of variance were used to identify
differences between treatment groups with respect to func-
tional and radiographic outcome, swelling, pain, use of pain
medication, and health survey results. To control for possible
confounding factors, covariate adjustment was used for
study stratification and demographic biasing variables.
Repeated-measures analysis of variance with covariate ad-
justment was used to compare the study groups over time
with respect to functional and radiographic outcomes. The
adverse events of the two study groups were compared with
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the use of chi-square and Fisher exact tests. The frequencies
of individual and combined radiographic failure and in-
dividual and combined functional failure as well as overall
failure, including reoperations, were calculated as exact bi-
nomial confidence intervals. All failure frequencies of the
study groups were compared with the use of the Fisher exact
test. Logistic regression with covariates was used to analyze
the influence of covariates in the failure analysis. All re-
ported p values are two-sided; p values of <0.05 were consid-
ered to be significant.

Patient Cohort
A total of 323 patients were enrolled in the study. Of those
patients, 161 were randomized to treatment with Norian SRS
(study patients) and 162 were randomized to conventional
treatment (control subjects) (Table I). Two hundred and sev-
enty-two patients (84%) were women and fifty-one (16%)
were men, and the average age was sixty-four years. With the
exception of gender, no differences were identified between
the treatment groups. The proportion of women in the con-
trol group (88%) was higher than that in the SRS group
(80%) (p = 0.04). Comorbidities were comparable. Nearly
90% of the total study population was white, and no differ-
ences with respect to race were noted between the two
groups.

The numbers of intra-articular fractures were equiva-
lent for both groups, with seventy-five intra-articular frac-
tures in the study group and seventy-three in the control
group (p = 0.78). In addition, no significant differences be-
tween groups were noted with respect to the fracture types
classified by any of the three methods (Table II).

Results
he study period required for the enrollment of 323 patie-
nts was 881 days. A rigorous attempt was made to follow

all patients for twelve months. There were a total of thirty-
eight deviations from the established patient selection criteria
in thirty-four patients. These deviations were fairly evenly dis-
tributed across the two treatment groups. Nineteen patients
(eleven in the study group and eight in the control group)
were treated more than five days (range, six to nine days) fol-
lowing the injury. Eight individuals were less than forty-five
years old: one, who was 44.9 years old, was in the study group
and seven, who ranged from 28.9 to 44.9 years old, were in the
control group. In four patients (two in each group), the reduc-
tion criteria were not met. Six patients (five in the study group
and one in the control group) had either a more complex dis-
tal radial fracture than initially thought and/or an ipsilateral
ligament or skeletal injury. One patient provided only a verbal
consent to the study protocol, and one other subject (in the
control group) was taking Didronel (etidronate disodium) to
treat osteoporosis.

Among the 323 patients, eight study patients and seven
control patients were lost to follow-up as they did not return for
evaluations and were unable to be reached by telephone or let-
ter. Six study patients and five control patients voluntarily with-
drew from the study. Two study patients and one control patient
died during the study from causes unrelated to the fracture or
surgery. Thus, overall, 10% of the study patients and 8% of the
control patients did not complete the study, with six patients
lost before the six to eight-week follow-up examination, six
more lost before three months, seven more lost before six
months, and the final ten lost before twelve months.

T
TABLE I Demographic Statistics

Group Treated 
with Norian 

SRS (N = 161)

Control 
Group 

(N = 162)

Gender* 

Female 129 (80.1) 143 (88.3)

Male 32 (19.9) 19 (11.7)

Age† (yr) 63.5 ± 11 63.7 ± 12

Bone density† (g/cm2) 0.596 ± 0.12 0.581 ± 0.117

Side of injury* 

Dominant hand 82 (50.9) 81 (50)

Nondominant hand 79 (49.1) 81 (50)

Fracture type* 

Intra-articular 75 (46.6) 73 (45.1)

Extra-articular 86 (53.4) 89 (54.9)

Designated treatment* 

Cast 105 (65.2) 108 (66.7)

External fixator 56 (34.8) 54 (33.3)

*The values are given as the number of patients, with the per-
centage in parentheses. †The values are given as the mean and
the standard deviation.

TABLE II Distribution of Fractures According to the 
AO Comprehensive Classification Scheme13

Fracture Type

No. (%) of 
Fractures Treated 
with Norian SRS 

No. (%) of 
Fractures in 

Control Group

A 2.1 0 0

A 2.2 41 (25.5) 32 (19.8)

A 3.1 18 (11.2) 26 (16)

A 3.2 26 (16.1) 27 (16.7)

A 3.3 5 (3.1) 5 (3.1)

C 1.1 34 (21.1) 30 (18.5)

C 1.2 13 (8.1) 15 (9.3)

C 1.3 2 (1.2) 1 (0.6)

C 2.1 19 (11.8) 24 (14.8)

C 2.2 2 (1.2) 2 (1.2)

C 3.3* 1 (0.6)* 0

Total 161 (100) 162 (100)

*AO C 3.3 was not a fracture designated for study inclusion.
One investigator classified a multifragmentary articular fracture
as a C 3.3.
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Subjective Evaluation
The study patients reported less pain on the average than the
control patients did at all follow-up visits, with a significant dif-
ference at two weeks (p = 0.02) and four weeks (p = 0.02). On
the average, the study patients required less postoperative pain
medication than the control patients did at all follow-up visits.
The differences were significant only at two weeks (p = 0.004).
The patient-reported rating of the use of the hand was signifi-
cantly greater for the study patients at both four weeks (p =
0.007) and six weeks (p = 0.0001) compared with that of the
control patients. No other significant differences were observed.

The SF-36 health status questionnaire showed signifi-
cant differences in function at the six to eight-week time-
point. The study patients scored significantly higher than the
control patients did in five of the eight domains, including
fewer limitations due to pain, less limitation of role due to
physical or emotional problems, a better state of mental
health, and an improved ability to perform normal social ac-
tivities (p < 0.05). No other significant differences were noted
at any other time-points.

Objective Evaluation
At six to eight weeks, the study patients exhibited a greater
mean grip strength than did the control patients (18 lb [8 kg]
compared with 10 lb [4.5 kg], or 37% compared with 21.5%
of that of the contralateral side, respectively) (p < 0.0001). The
study patients also demonstrated a greater mean range of
wrist and forearm motion in all planes at this time-point (see
Appendix). By three months, grip strength and wrist motion
parameters were equivalent for the two groups. The average
grip strength and motion continued to increase in both
groups at similar rates for the remainder of the study period.

Digital range of motion, which was first assessed at the
six to eight-week time-point, was better in the study patients.
Metacarpophalangeal, proximal interphalangeal, and distal in-
terphalangeal joint motion in the fingers, and carpometacar-
pal and metacarpophalangeal motion in the thumb were all
greater at this time-period (p < 0.01). At three months, signif-
icantly better distal interphalangeal joint motion was observed
in the study group (p = 0.015). No other significant differ-
ences between groups were noted.

At two weeks, the study patients had significantly less
forearm swelling than did the patients managed with an exter-
nal fixator (p = 0.0146). At six to eight weeks, the study pa-
tients had significantly less swelling of the proximal phalanx
(p = 0.0001) and middle phalanx (p = 0.0012) of all four fin-
gers, the proximal phalanx (p = 0.0319) and distal phalanx
(p = 0.0061) of the thumb, and the forearm (p = 0.0148).
When all six measurements were combined, the only signifi-
cant difference was found at six to eight weeks, with less mea-
surable edema in the study patients than in the control patients
(p < 0.0001).

The results of the Jebsen dexterity test were analyzed on
the basis of dominance for the seven tasks tested. Significant
differences were seen at the six to eight-week period only. Of
the patients who had injured the nondominant hand, those in

the study group took less time to write a short sentence (p =
0.028), turn cards (p = 0.0005), pick up small objects (p =
0.0008), and lift heavy objects (p = 0.001) with the nondomi-
nant hand than did the control patients. Of the patients who
had injured the dominant hand, those in the study group took
less time to pick up small objects (p = 0.0023). No significant
differences were observed at later time-points. The effect of
age in all of the dexterity tests was significant and indicated
that patients who were sixty years of age and older took more
time to finish these tasks.

Functional outcome, as measured with use of the modi-
fied clinical scoring system of Green and O’Brien27,28, was the
same for both groups at one year. The average score was 77
points for the study group and 78 points for the control group.
In the study group, the result was excellent for 13% of the pa-
tients, good for 32%, fair for 40%, and poor for 15%. In the
control group, the result was excellent for 17% of the patients,
good for 28%, fair for 44%, and poor for 12%. There were no
significant differences between the two groups.

Radiographic Evaluation (Figs. 1-A through 1-F)
At one week postoperatively, the SRS-treated fractures were in
slightly better position, compared with the uninjured wrist,
than were the fractures in the control group, with significant
differences (p < 0.05) with respect to loss of radial length (1.3
compared with 2.6 mm), loss of radial angle (2.7° compared
with 4.2°), radial shift (1.7 compared with 2.1 mm), change in
volar/dorsal angle (7.3° compared with 10.6°), and change in
ulnar variance (0.2 compared with 0.4 mm). The fractures in
both groups tended to settle with time, but more so in the
study group such that, by six to eight weeks, the groups were
radiographically equivalent with the exception of the change
in ulnar variance, which was higher in the study group (2.2
compared with 1.5 mm) (see Appendix). The results at twelve
months were similar, including loss of radial length (4.5 com-
pared with 3.7 mm), loss of radial angle (4.5° compared with
4.6°), radial shift (2.7 compared with 2.4 mm), change in
volar/dorsal angle (10.3° compared with 10.5°), and change in
ulnar variance (2.0 compared with 1.4 mm). Only the change
in ulnar variance was significant (p = 0.02).

Covariate adjustment indicated that, for both groups,
extra-articular fractures were associated with greater loss of
radial length, loss of radial angle, change in volar/dorsal angle,
and radial shift than were intra-articular fractures (p < 0.05).
The cast or external fixator treatment designation also showed
a significant difference. Within the control group, the patients
managed with a cast, compared with those managed with an
external fixator, had a greater loss of radial length (4.5 com-
pared with 1.9 mm), loss of radial angle (6.0 compared with
1.9 mm), radial shift (2.1 compared with 1.9 mm), change in
volar/dorsal angle (13.0° compared with 5.6°), and change in
ulnar variance (1.5 compared with 1.1 mm).

Gender appeared to exert an independent effect only
with respect to ulnar variance: men had a larger change in
mean ulnar variance (2.5 mm) than did women (1.5 mm) (p =
0.0465). There were significantly more men in the study
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group. When controlled for gender, the two treatment groups
demonstrated no significant difference with respect to ulnar
variance. Neither hand dominance nor the dual x-ray absorp-
tiometry score appeared to have an independent effect on the
radiographic result.

With respect to articular step-off, no significant differ-
ences were noted between the two groups. At the time of the
three-month evaluation, eight of the seventy-four intra-articular
fractures treated with SRS had a detectable step-off, with a
mean value of 0.9 mm. None of the study patients had a step-
off of >2 mm. In the control group, eleven of the sixty-nine
intra-articular fractures had a detectable step-off, with a mean
value of 1.1 mm. One of the control patients had a step-off of
>2 mm.

As reported by the investigators, loss of reduction oc-
curred in forty-six (29%) of the study patients and in forty
(25%) of the control patients; the difference was not signifi-
cant. Secondary treatment was performed in nine (20%) of
the forty-six study patients and seventeen (43%) of the forty
control patients following loss of reduction (p = 0.0209). In-
terventions included open reduction with internal fixation,
autogenous bone-grafting, osteotomy, or a repeat closed re-
duction and cast application. These patients, who were con-
sidered to have had failure of treatment, remained in the study
for twelve months.

Influence of Supplemental Kirschner Wires
In the control group, Kirschner wires were used in eighty-two
patients (51%). An average number of 2.2 wires (range, one to
five wires) were in place for a mean of fifty-one days. In the
study group, supplemental Kirschner wires were used in sixty-
four patients (40%). An average of 1.5 Kirschner wires (range,
one to three wires) were in place for a mean of twenty-eight
days. In two patients, intraoperative removal of the Kirschner
wires following injection of the SRS resulted in fragmentation

of the material and loss of reduction.
For both groups, the presence of Kirschner wires had a

significant impact on maintenance of reduction. In the control
group, loss of reduction occurred in eleven (13%) of eighty-two
patients who had Kirschner wires and in thirty (38%) of eighty
patients who had not had wires (p ≤ 0.001). In the study group,
loss of reduction occurred in twelve (19%) of sixty-four patients
who had Kirschner wires and in thirty-four (35%) of ninety-
seven patients who had not had wires (p ≤ 0.025).

Complications
There were no systemic complications specifically related to the
use of SRS. Seventy-four (46%) of the 161 study patients expe-
rienced complications compared with eighty-two (51%) of the
162 control patients (p = 0.403) (see Appendix). There were a
total of 101 complications in the study group and 121 in the
control group. There were no significant differences in the oc-
currence of the specific events reported with the exception of
infection, which occurred in four (2.5%) of the SRS-treated pa-
tients and twenty-seven (16.7%) of the control patients (p <
0.001). Within the SRS-treated group, infection occurred exclu-
sively in patients with supplemental Kirschner wires. One of
these patients had development of osteomyelitis, requiring re-
moval of the SRS cement, intravenous antibiotics, and applica-
tion of an external fixator. He had no persistent or recurrent
osteomyelitis, and the final result was considered satisfactory. In
the control group, eighteen infections were related to the exter-
nal fixator and nine infections were related to the Kirschner
wire. No control patient had development of osteomyelitis.

Loss of reduction was by far the most common compli-
cation overall, involving forty-six patients (29%) in the SRS
group and forty patients (25%) in the control group; the dif-
ference was not significant (p = 0.4). A total of twenty-three
patients (14%) in the study group experienced neuropathies
compared with thirty-two patients (20%) in the control
group. In the study group, carpal tunnel syndrome developed
in four patients and in each one it was associated with loss of
reduction, with the onset of symptoms ranging from two
weeks to twelve months postoperatively. In the control group,

Fig. 1-A

Figs. 1-A through 1-F Radiographs of a fifty-two-year-old woman with 

a dorsally displaced distal radial fracture of the right wrist. Fig. 1-A 

Posteroanterior radiograph.

Fig. 1-B

Lateral radiograph.
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carpal tunnel syndrome developed in eight patients.
Tendinopathies (tendinitis, tendon adhesion, weakness,

rupture, or stenosing tenosynovitis) were reported in twelve
study patients and eight control patients. Tendon ruptures oc-
curred in six patients in the study group and in two patients in
the control group; all ruptures involved the extensor pollicis
longus tendon. Each of the extensor pollicis longus tendon
ruptures in the study group occurred in patients with ex-
traosseous cement dorsally; the ruptures were identified an
average of 161 days (range, thirty-six to 337 days) postopera-
tively. There was no apparent relationship between the volume
of extraosseous cement and tendon rupture. Both of the ex-
tensor pollicis longus tendon ruptures in the control group
occurred in patients managed with a cast, and the ruptures
were identified forty-two and 281 days postoperatively.

SRS cement was observed radiographically within the
radiocarpal and/or radioulnar joint space in four of the 161

study patients. None of the four patients had associated symp-
toms or clinical sequelae attributable to the intra-articular ce-
ment. The amount of cement within the joint diminished over
time and was not associated with radiographic evidence of ar-
thritis at the time of the most recent follow-up at an average of
forty-eight months postoperatively (range, twenty-four to
seventy-two months). 

SRS cement was identified radiographically within the
soft tissues in 112 (70%) of the 161 study patients. The loca-
tion of the extraosseous cement was dorsal in 101 patients,
volar in seventy-one, ulnar in fifty-four, and radial in forty-
seven. The amount of cement diminished with time in all in-
stances. Complete resorption was observed in seventy (63%)
of the 112 patients by six months and in eighty-three patients
(74%) by twelve months.

A separate analysis of the patients with extraosseous SRS

Fig. 1-E

Radiographs made six months postoperatively. The fracture has 

healed without change in position. The extraosseous cement is no 

longer present. Early remodeling of the SRS has occurred at the frac-

ture site. The clinical result was excellent.

Fig. 1-F

Fig. 1-C

Radiographs made four weeks following closed reduction and percu-

taneous injection of Norian SRS. Note the small amount of dorsal 

and volar extraosseous material.

Fig. 1-D
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cement demonstrated greater loss of alignment radiographi-
cally than that seen in either the study patients without ex-
traosseous cement or in the control group. Loss of reduction
was noted in forty-one (37%) of the 112 patients with ex-
traosseous SRS compared with five (10%) of the forty-nine
study patients without extraosseous SRS and forty (25%) of
the 162 control patients. In addition, total complications were
more common in patients with extraosseous SRS cement.
Sixty-three (56%) of the 112 study patients with extraosseous
cement experienced complications in contrast to eleven (22%)
of the forty-nine study patients without extraosseous cement
and eighty-two (51%) of the 162 control patients.

Discussion
his investigation is the largest prospective, randomized,
controlled study of distal radial fractures that has been re-

ported to date, as far as we know. The patient cohorts were
identical demographically in nearly every parameter including
fracture type and severity. The size of the trial, the use of stan-
dardized outcome instruments, and the length and complete-
ness of follow-up were intended to minimize problems noted
in prior clinical studies. 

While the importance of the final functional outcome
following a distal radial fracture is indisputable, the time to re-
turn to function perhaps has been underappreciated. In a
study of patients at least eight weeks following a distal radial
fracture, Beaule et al.37 demonstrated substantial impairment
across a spectrum of activities, including personal hygiene and
domestic and social activities, particularly when the dominant
limb was affected. Undoubtedly, their results would have been
even more dramatic had the study examined earlier time-
points. In a similar study, Morris38 found that older adults had
substantially lower physical functioning during the period of
immobilization. In the current study, the SRS-treated patients
had the wrist immobilized for four to six weeks less than the
control patients did. The earlier improvement in function in
the study patients is therefore not surprising.

The pattern of recovery of wrist motion in this series
parallels the findings in other prospective studies of early mo-
tion following stable fixation with either internal39,40 or non-
bridging external fixation41,42. The ultimate range of motion
seems to be unaffected by early initiation of motion.

Despite the early wrist motion, the SRS-treated fractures
behaved radiographically in a manner similar to those in the
control group. Some settling of most fractures occurred during
healing. Ultimately, the study patients lost slightly more length
as measured by ulnar variance. The mean difference between
the groups of 0.6 mm does not appear to be clinically signifi-
cant. These radiographic results are equivalent to or better than
those reported in the literature for similar fractures35,43-45.

In what we believe is the only other randomized study of
SRS cement in the treatment of acute distal radial fractures,
Sanchez-Sotelo et al.10 demonstrated superior clinical and ra-
diographic results in the SRS-treated group. However, several
important differences between the studies deserve emphasis.
Patients in their control group were treated with closed reduc-

tion and application of a cast alone. It has been fairly well es-
tablished that cast treatment alone is often inadequate for
unstable distal radial fractures46,47. The relatively poor results
in their control group (a 41.8% rate of malunion) substantiate
this observation. In contrast, the present study attempted to
reflect the current standard of care in the control group by in-
cluding treatment with a cast, external fixation, and percuta-
neous pin fixation. Overall, the radiographic results in our
control group were superior, minimizing differences between
the control and study groups. Furthermore, in their series, the
final radiographic result was compared with the immediate
postreduction radiographs. Our radiographic results were
measured relative to the normal wrist, thereby eliminating the
variable of the quality of the initial reduction. This method,
however, probably magnified the values of our radiographic
changes.

A potential source of bias in the study was the treatment
designation of a cast or external fixator. Surgeon preference,
including factors related to the patient and the fracture, was
considered in assigning a treatment designation of a cast or
external fixator to a particular fracture. Nevertheless, there
were no significant differences in fracture classification and
severity between the groups or subgroups.

Failure to include carpal malalignment in the data anal-
ysis may be considered another potential weakness of this
study. Bickerstaff and Bell48 demonstrated a strong correlation
between function and dorsal carpal instability. Analysis of our
clinical results demonstrated that dorsal angulation was asso-
ciated with a reduction of grip strength. However, intercarpal
angles were not routinely measured on follow-up radiographs.

The use of percutaneous pins was another confounding
factor. While the presence of Kirschner wires did not influence
the overall outcome of the study and control groups, the rate
of loss of reduction was significantly higher within each group
when Kirschner wires were not used. An in vitro biomechani-
cal comparison of Kirschner wire and SRS fixation of intra-
articular distal radial fractures has demonstrated the superior-
ity of SRS cement in resisting compressive loads49. In vivo,
however, these fractures are also subjected to tensile and shear
forces, which are poorly controlled by the cement. It is not yet
clear which fracture patterns can safely be managed with SRS
cement alone.

The nearly 50% complication rate for both groups in
this series is substantially higher than the 20% to 31% compli-
cation rate reported in several large retrospective studies12,29,50.
The prospective nature of the current study and the rigorous
reporting at each follow-up visit of any deviations from nor-
mal recovery permitted a comprehensive account of complica-
tions. This method of reporting is likely more accurate than a
retrospective review. Some minor events, such as stenosing
tenosynovitis, have not been included routinely in other se-
ries and may not generally be considered complications re-
lated to fracture treatment.

In what we believe is the largest series to date on compli-
cations related to distal radial fractures, Cooney et al.50 consid-
ered loss of reduction (which occurred in 27% of the patients)

T
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a complication only if it went on to a malunion (5.3%) requir-
ing subsequent treatment. In the current study, loss of reduc-
tion was defined by the investigators a priori with use of
generally accepted radiographic criteria predictive of poor
outcome17,33,36,43,51-54. The majority of the patients who lost re-
duction radiographically did well clinically. Excluding the
complications related only to radiographic findings, the over-
all complication rate for both groups would be approximately
22%, which is consistent with that in previous studies.

The loss-of-reduction issue highlights two important
points. First, radiographic signs of loss of position were not
uncommon in the control group, despite treatment by estab-
lished and experienced surgeons with use of standard tech-
niques. Second, with few exceptions, the clinical outcome of
the patients in both groups was independent of the radio-
graphic outcome.

The risk of extrusion of the SRS cement into undesirable
locations has been a substantial concern. In the series described
by Sanchez-Sotelo et al.10, one patient had symptomatic intra-
articular cement necessitating surgical removal. Of the seventy-
five intra-articular fractures treated with SRS in our series, four
had intra-articular extrusion. In each instance, the patient was
asymptomatic, and the amount of intra-articular cement di-
minished with time. No arthritic changes were evident in any of
the four wrists at twenty-four months, although clearly a longer
follow-up period is necessary.

The infrequent presence of intra-articular SRS appears
to be related to a combination of an adequate fracture reduc-
tion and the thixotropic properties of the material, which is of
a toothpaste consistency and does not flow readily into narrow
channels. Nevertheless, we currently recommend careful in-
spection of the postinjection radiographs and evacuation of
any intra-articular cement identified intraoperatively.

The presence of extraosseous cement, seen in the major-
ity of patients, was associated with a higher complication rate.
Delivery of the SRS cement through a mini-open approach fa-
cilitated removal of excess dorsal material. Volar extrusion, al-
though quite common, was not associated with any unique
complications, and we did not remove it. Dorsal extrusion of
cement can interfere with extensor tendon function. In our se-
ries, tendon ruptures exclusively involved the extensor pollicis
longus tendon in both groups. This finding is consistent with
those in other reports of tendon ruptures in association with
distal radial fractures12,51,55-59. Extraosseous SRS was identified
dorsally in each study patient who sustained a tendon rupture;
this finding is of some concern. However, the prevalence of ex-
tensor pollicis longus tendon ruptures in the SRS group was
not significantly different from that in the control group or
the historical prevalence of 1% to 5%. Longer follow-up of
our study patients is required to determine the possible ad-
verse effects of extraosseous extrusion of the cement.

Our data suggest that Norian SRS cement provides ade-
quate fixation for the majority of distal radial fractures to per-
mit early wrist mobilization. It is possible that the radiographic
results would have been better with a longer period of postop-
erative immobilization. However, for the majority of patients,

the earlier return of function following cement fixation ap-
peared to outweigh the slightly inferior radiographic result. On
the basis of our current understanding of this form of fixation,
we make the following recommendations. A limited open ap-
proach for fracture site preparation should be used. Supple-
mental Kirschner wires should be placed prior to cement
injection and should be left in place for a minimum of two
weeks postoperatively. Whenever possible, extraosseous and
intra-articular cement should be removed. The wrist should be
immobilized for two weeks and protected for an additional
four weeks. Complex articular fractures require additional fix-
ation or another form of treatment.

Appendix
Tables showing all inclusion and exclusion criteria, clini-
cal results, radiographic results, and complications are

available with the electronic versions of this article, on our
web site at www.jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). �
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