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Purpose: We previously reported the functional and radiographic outcomes of 21 young
adults at an average of 7 years after open reduction and internal fixation of an intra-articular
distal radius fracture (original study). The purpose of the current investigation was to evaluate
the same cohort at an average of 15 years after surgery to evaluate the effect of additional time
on both function and radiographic appearance.

Methods: We re-evaluated 16 of the original patients at an average of 15 years after surgery.
Subjective assessment was performed with the Musculoskeletal Functional Assessment and
the Hand Function Sort questionnaires. Objective assessment included a detailed physical
examination and strength measurement. Standardized radiographs and computed tomogra-
phy were used to assess wrist morphology, residual articular step and gap displacement, and
the presence and degree of arthrosis.

Results: Subjectively patients continued to function at a high level at the last follow-up
evaluation: the average Musculoskeletal Functional Assessment score was 10 and 14 of
the 16 patients functioned at a high level according to the Hand Function Sort. Strength
and range of motion remained essentially unchanged from the original report. Radiocar-
pal arthrosis was noted in 13 of the 16 wrists and joint space was reduced an additional
67% compared with the 7-year follow-up evaluation. Nonetheless there continued to be
no correlation between the presence or degree of arthrosis and upper-extremity function.

Conclusions: Radiocarpal arthrosis after intra-articular distal radius fractures can be expected
to worsen over time. Despite joint space narrowing and evidence of advanced arthrosis,
however, patients maintained a high level of function at the long-term follow-up evaluation.
(J Hand Surg 2006;31A:633–639. Copyright © 2006 by the American Society for Surgery of
the Hand.)
Type of study/level of evidence: Prognostic, Level II.
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e originally reported the intermediate-term
functional and radiographic outcomes of a
series of young adults treated surgically

or intra-articular distal radius fractures.1 Twenty-
ne patients with at least a 1-mm step or gap dis-
lacement of the distal radius articular surface were
reated with open reduction and internal fixation be-
ween 1986 and 1990. The 14 male and 7 female
atients were evaluated at an average of 7 years
minimum, 5.5 y) after surgery. Patients were as-

essed with the Musculoskeletal Functional Assess- w
ent (MFA), a physical examination, plain radio-
raphs, and computed tomography (CT).2,3

In the original investigation osteoarthrosis of the ra-
iocarpal joint was noted in 16 of the 21 patients and
he development of arthrosis correlated with the pres-
nce of articular step and gap at the time of bony union.
unction was good or excellent in all patients by both
ubjective (MFA) and objective measures. Patient func-
ion did not correlate with the presence of arthrosis.

Because of the possibilities that additional time

ould be associated with worsening arthrosis and that
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his would affect function negatively, the current inves-
igation re-evaluated the same cohort of patients at a
onger-term follow-up evaluation (average, 15 y).

aterials and Methods
his investigation was a retrospective re-evaluation
f 16 patients from an original cohort of 21 patients;
he original results were published in 1997.1 Five of
hose patients were not included in this investigation:

could not be located (despite an extensive search
ncluding medical records, Internet, and a private
nvestigator) and 1, who lived out of state, would not
articipate despite several requests. All patients had
een treated at a single institution with open reduc-
ion and internal fixation of a displaced (�1 mm)
ntra-articular distal radius fracture (Fig. 1). The
echnique of surgical intervention varied: 2 wrists
ere treated with plate fixation and the rest were

reated with open reduction and K-wire fixation. All
atients were younger than 45 years (range, 17–42 y)
t the time of the surgery. Two of the fractures were
pen and 1 patient had associated acute carpal tunnel
yndrome. The mechanism of injury was a fall in 10
atients, a direct blow in 3 patients, and a motor
ehicle crash in 3 patients. The fracture classification
as AO/ASIF B2 in 1 patient, B3 in 3 patients, C1 in
patient, C2 in 10 patients, and C3 in 1 patient.4

Eleven male patients and 5 female patients re-
urned for evaluation at an average of 15 years
range, 13–17 y) after injury. Institutional review

igure 1. (A) Posterior-anterior and (B) lateral injury radio
adius.
oard approval was obtained for this investigation o
nd informed consent for participation was obtained
rom all patients.

The average age at the time of injury was 32 years
range, 17–42 y) and the average patient age at
ollow-up evaluation was 47 years (range, 34–60 y).

ssessment
ubjective outcome was assessed with the MFA instru-
ent, a reliable and valid questionnaire used to assess

elf-perception of physical, psychologic, and social
ell-being.2,3 The MFA scores range from 0 to 100

higher score indicates worse function) with an average
core among healthy adults of 9.3.2 The current group
f patients, in contrast to the original investigation, also
ompleted the Hand Function Sort (HFS) to assess
unctional outcome further.5 This is a validated out-
omes instrument designed to quantify patients’ func-
ion in terms of the U.S. Department of Labor physical
emand characteristic system. This is a 5-level ordinal
ystem used to classify more than 12,000 occupations in
he U.S. economy.6,7 It therefore quantifies a patient’s
bility to work in terms of a formal standard that is used
idely. The HFS has been validated and is used to

valuate kinesthetic sense of the hand after surgery for
ervical disk herniation.8,9 Patients evaluate their ability
o perform 64 different tasks on a 5-point scale (from
ble to unable) When scored the HFS provides a sep-
rate percentage capacity score for 17 areas of function
ncluding carrying, lifting and lowering, manipulating

showing a displaced intra-articular fracture of the distal
graphs
bjects, bimanual dexterity, hand range of motion,
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trength, endurance, and other upper-extremity func-
ions.5

The HFS was chosen over the Disabilities of the
rm, Shoulder, and Hand questionnaire for several

easons. The HFS provides a percentage score for
ach of the tasks that the patient is able to perform
nd the areas of function for each task, compared
ith all of the other areas of function. For example,
pper extremity endurance can be examined sepa-
ately from finger dexterity. In contrast the Disabil-
ties of the Arm, Shoulder, and Hand questionnaire
rovides only a single score on disability, a single
core on work, and a single score on sports. Given
he complex nature of distal radius fractures and the
ubsequent surgery and therefore its effect on hand
nd upper-extremity function, a measure that was
ensitive to specific changes was believed to be more
seful.
One author who was not involved in the original

are of any patient (C.A.G.) performed a standard-
zed physical examination on all patients including
orearm and wrist ranges of motion using a standard
ffice goniometer. Grip strength was measured using
dynamometer (Jamar; Asimow Engineering, Los
ngeles, CA) and pinch strength (3-point and lateral)
as measured using a pinch meter (Therapeutic In-

truments, Clifton, NJ). All data were compared with
he opposite extremity and with data available from

igure 2. (A) Posterior-anterior and (B) lateral radiographs (sa
xation and removal of implants.
he original investigation. c
Two authors not involved with the original investi-
ation assessed the radiographs and CT scans in a
linded fashion (C.A.G., J.R.R.). Standardized plain
adiographs including posteroanterior, lateral, oblique,
nd ulnar deviation were obtained for all patients. The
ame office goniometer was used to assess radial
ength, radial inclination, volar tilt, ulnar variance,
rticular step and gap (using the arc measurement
echnique), arthrosis of the radiocarpal and distal
adioulnar joints (Knirk and Jupiter10 method), and
he status of the ulnar styloid (Figs. 2, 3).11 All CT
cans (Siemens Somatome Sensation 16; Siemens
nc, Iselin, NJ) were obtained using a standardized
rotocol that included 2-mm–thick continuous axial,
agittal, and coronal images with direct scanning
Fig. 4) The CT scans were evaluated with a loupe
Peak 10-X Loupe; Argraph Corporation, Carlstadt,
J) for step and gap incongruity, radiocarpal and
istal radioulnar arthrosis, and the minimal joint
pace of the scaphoid and lunate facets of the radio-
arpal joint. Arthrosis was graded with a modifica-
ion of the method of Knirk and Jupiter10 (Table 1).
he current radiographic measures were compared
ith the original measurements.
A statistical analysis was performed (SAS pro-

ram; SAS Institute, Cary, NC). Significance testing
as performed with paired t tests. Spearman rank

orrelations also were used to assess arthrosis

ist shown in Fig. 1) 8 years after open reduction and internal
me wr
hanges.
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esults
he average MFA score was 10 (SD, 9.2; range,
–28). These data were compared with published
ormal data (mean, 9.3; SD, 8.9) and no difference
as noted between the total scores or any of the

ubcategory scores (p � .66).2 The HFS showed that
of the 11 males and all of the females (n � 5)

unctioned at the heavy physical demand level with
cores at the 80th percentile or higher compared with
ormal patients. These 14 patients showed broad
unctional capacity with no areas of limitation. The
ther 2 patients showed modest functional limitations
ith fine-dexterity tasks and moderate limitations
ith heavy manual material–handling tasks. Patients
ho scored poorly on the HFS and were listed as
erforming at the medium- or light-demand level
eported having considerable difficulty carrying
rates of 22.7 kg for 15.2 m, using a mattock pick in
ocky soil, and driving a stake with a sledgehammer.
nly occasionally did patients performing at the
eavy-demand level have difficulty performing these
asks. The lowest-functioning male was rated at the
ight physical demand characteristic level (15th percen-
ile) and the other male was rated at a medium physical
emand characteristic level (45th percentile).

Current forearm and wrist range-of-motion data
nd strength data were compared with the unaffected
ide and compared with the original data. The aver-
ge degree of motion and SDs, as measured on the

Figure 3. (A) Posterior-anterior and (B) lateral radio
nvolved and uninvolved sides, respectively, were i
3° � 14° and 71° � 11° for wrist flexion, 61° � 12°
nd 74° � 8° for wrist extension, 18° � 6° and
3° � 4° for radial deviation, 36° � 10° and 42° �
° for ulnar deviation, 76° � 7° and 78° � 5° for
ronation, and 73° � 9° and 78° � 6° for supination.
here was no significant difference in the affected
nd unaffected sides and there was no change in
orearm motion, wrist flexion/extension, or wrist ra-
ial/ulnar deviation compared with the original data
p � 05). Grip strength measured 37 � 15 and 42 � 16
g, lateral key pinch measured 12 � 4 and 14 � 5 kg,
nd 3-point pinch measured 11 � 5 and 12 � 6 kg
hese strength values were not significantly different
etween sides and were unchanged compared with
he original measurements except for a decrease in
-point pinch (p � .05) (Table 2).
The plain radiographic measures of deformity (ra-

ial length, inclination, tilt, ulnar variance, step, gap)
ssentially were unchanged when compared with the
riginal study. The radial length averaged 13 mm
�3 mm), radial inclination averaged 23° (�6°),
olar tilt averaged 0° (�16°), and ulnar variance
veraged 2 mm (�2 mm). Maximum step deformity
as assessed by both radiograph and CT) did not
hange significantly compared with the original mea-
urements. Maximum gap deformity was signifi-
antly smaller on both CT and plain radiograph com-
ared with the 1996 data (p � 0.05) (Table 3).
The arthrosis worsened from the time of the orig-

(same wrist shown in Fig. 1) 15 years after injury.
nal assessment to the time of the most recent assess-
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ent. Seven patients had advancement of their ra-
iocarpal arthrosis including 6 patients who had
dvancement of their arthrosis by 1 grade and 1
atient who had advancement by 3 grades. This ra-
iographic grade of the radiocarpal arthrosis ad-
ancement was statistically significant (p � .02). The
orsening grade of arthrosis by CT scan evaluation

pproached significance (p � .06). The scaphoid
acet joint space and the lunate facet joint space both
ecreased significantly as assessed by CT scan (p �
02) The joint space decreased by approximately
7% for both facets of the radiocarpal joint (Table 3).
here was no significant change in distal radioulnar

oint arthrosis (Table 4).
Despite progression of arthrosis the patients

howed a high level of function on the MFA and
FS. There was no statistical correlation noted be-

ween radiographic or CT scan radiocarpal arthrosis
nd function. Specifically there was no correlation
ith MFA scores, range of motion (pronation, supi-
ation, wrist extension, radial deviation, ulnar devi-
tion), or strength measures. Wrist arthrosis did cor-
elate with a decrease in wrist flexion (p � .02) by
adiograph and approached significance on CT (p �
6).

iscussion
his investigation evaluated patients longitudinally
t intermediate- and long-term follow-up periods and
ocumented the progression of joint arthrosis by CT

Table 1. Modification of OA Grading System

Grade
Subjective Findings on

Radiographs or CT

Minimum Joint
Space as

Measured on
CT

0 None �1.5 mm
I Slight narrowing or irregularity

of joint space
1.0–1.5 mm

II Marked narrowing of joint
space, formation of
osteophytes and early
formation of cysts, mild
subchondral sclerosis, or
scalloping of lunate or
scaphoid facet

0.5–1.0 mm

III Bone on bone, formation of
osteophytes and cysts,
marked subchondral
sclerosis, or scalloping of
lunate or scaphoid facet

�0.5 mm

Grading system of Knirk and Jupiter.10
can. By documenting the presence of arthrosis in the
igure 4. Coronal CT scan image at the time of the most
ecent follow-up evaluation. Despite the presence of ad-
anced arthrosis (joint space narrowing, cyst formation) the
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riginal investigation and confirming its advance-
ent in the same patient cohort 8 years later we have

onfirmed and expanded on the known correlation
etween residual articular displacement and joint ar-
hrosis.1,10–20 The arthrosis that is associated with

Table 2. Physical Examination

Measure Average

Original wrist flexion 69° (�12°)
Current wrist flexion 63° (�14°)
Original wrist extension 53° (�15°)
Current wrist extension 61° (�12°)
Original radial deviation 13° (�3°)
Current radial deviation 18° (�6°)
Original ulnar deviation 20° (�3°)
Current ulnar deviation 35° (�10°)
Original pronation 81° (�8°)
Current pronation 76° (�12°)
Original supination 83° (�7°)
Current supination 73° (�9°)
Original grip strength 42 (�16) kg
Current grip strength 37 (�15) kg
Original key pinch 21 (�5) kg
Current key pinch 12 (�4) kg
Original 3-point pinch 20 (�7) kg
Current 3-point pinch 11 (�5) kg

Table 3. Comparison of 1996 and 2003 Images

Measure Mean SD p Value

riginal radial length 12 mm 3
urrent radial length 13 mm 3 .26
riginal radial inclination 22° 4
urrent radial inclination 23° 6 .14
riginal ulnar variance 1 mm 3
urrent ulnar variance 2 mm 2 .22
riginal SL angle 47° 7
urrent SL angle 45° 12 .49
riginal maximum step, x-ray 1.3 mm 1
urrent maximum step, x-ray 1.2 mm 1.1 .25
riginal maximum step, CT 1.9 mm 1.2
urrent maximum step, CT 1.7 mm 1.3 .39
riginal maximum gap, x-ray 0.3 mm 0.9
urrent maximum gap, x-ray 1.2 mm 1.6 .03
riginal maximum gap, CT 4.3 mm 4
urrent maximum gap, CT 2.6 mm 2.3 .01
riginal scaphoid facet joint
space, CT 1.2 mm 0.6
urrent scaphoid facet joint
space, CT 0.8 mm 0.4 .02
riginal lunate facet joint
space, CT 1.4 mm 0.6
urrent lunate facet joint
space, CT 0.9 mm 0.5 .02
SL, scapholunate.
tep and gap displacement after fracture has been
hown for the distal radius by plain radiograph and
T scan.1,10,12,13,15,17–20

Despite the presence of arthrosis and its worsening
t the 15-year follow-up evaluation, patient function
emained high and did not correlate with the degree
f the arthrosis. In our original investigation we used
he MFA and a thorough physical examination to
ssess function; we have reapplied those tools and
dded the HFS questionnaire as a means of refining
ur assessment of function. All tools showed a high

ean % of Opposite
Side SD p Value

87 15
89 12 .66
79 23
82 13 .71
84 19
79 26 .62
90 13
87 26 .66
95 9
97 7 .56
97 5
94 10 .31
86 12
87 14 .60
92 11
95 13 .26
99 12
91 13 .05

Table 4. Progression of Arthrosis

Radiocarpal
Arthrosis Grade

Distal Radioulnar
Arthrosis Grade

Original Current Original Current

Radiograph
No arthrosis 4 (27) 0 (0) 8 (57) 5 (36)
Grade 1 6 (40) 6 (40) 3 (21) 3 (21)
Grade 2 5 (33) 7 (47) 3 (21) 6 (43)
Grade 3 0 (0) 2 (13) 0 (0) 0 (0)
Difference in

p value .02 .19
CT evaluation

No arthrosis 3 (20) 0 (0) 7 (50) 5 (36)
Grade 1 3 (20) 4 (27) 2 (14) 3 (21)
Grade 2 9 (60) 8 (53) 4 (29) 4 (29)
Grade 3 0 (0) 3 (20) 1 (7) 2 (14)
Difference in

p value .06 .52
M

Values are reported as n (%).
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evel of patient function, essentially equivalent to an
ninjured population, without a decrease in function
ince the original evaluation. Only wrist flexion was
ound to correlate with narrowed joint space by plain
adiograph (r � 0.058, p � .02); the correlation
pproached significance on CT scan (p � 06).

This investigation had several limitations. First,
he measurement of articular displacement and the
easurement and quantification of arthrosis is diffi-

ult. We used CT scans to increase the reliability of
hese measures but recognize that measurements of
ess than 1 mm by loupe assessment are difficult.
econd, a true assessment of function is difficult. We
dded the HFS assessment in an attempt to improve
ur ability to detect subtle differences in upper-ex-
remity function. The HFS confirmed high levels of
unction as shown by the physical examination and
he MFA. Finally, it is uncertain whether the arthro-
is that is present at the radiocarpal joint after a distal
adius fracture ever will become functionally signif-
cant; however, one goal of this investigation was to
etermine whether the additional follow-up time
7–15 y) and the advancement of arthrosis affected
unction. Although the level of function remained
igh at 15 years, if the arthrosis continues to progress
hen function may be affected eventually.

The findings of this investigation do not change our
anagement of displaced distal radius fractures. We

ontinue to seek an anatomic restoration of the joint
urface to minimize the development of joint arthrosis.

he authors wish to thank Dr. Leonard Matheson for his assistance
uring this study and particularly for allowing them to use the Hand
unction Sort to assess their patients.
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