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Abstract
Study Design—Prospective Cohort.

Introduction—Patient satisfaction is increasingly used as a metric of health care outcomes. The
relationship between patient satisfaction and functional outcomes metrics is understudied.

Purpose—To determine the minimum recovery needed in grip strength, key pinch strength, and
arc of motion needed for patient satisfaction after treatment of distal radius fracture (DRF) with volar
locking plating system placement.

Methods—A prospective cohort of 125 DRF patients was evaluated 3 months after surgery for grip
strength, key pinch strength, wrist arc of motion, and satisfaction with hand strength and wrist arc
of motion. Receiver operating characteristic (ROC) curves were constructed using patient satisfaction
items as the “gold standard” and each functional measure of outcome as a predictor.

Results—We found that the optimal cut-points to distinguish satisfaction from dissatisfaction
occurred when patients had recovered 65% of their grip strength, 87% of their key grip strength, and
95% of the wrist arc of motion, as measured as percents of their uninjured wrists.

Conclusions—A much greater wrist range of motion must be recovered for patients to be satisfied
than what is needed to perform activities of daily living.

Level of Evidence—Diagnosis Level 2.
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Introduction
Grip strength, key pinch strength, and wrist motion are standard measures of outcome after
treatment for hand surgery conditions and injuries (1,2). These outcome measures have been
shown to have high reliability and validity (3–6). Additionally, they are known to be important
predictors of outcome after distal radius fracture (DRF) (7). Hand surgeons and therapists strive
to restore these functional outcomes measures to preinjury or premorbid state and restoration
of these physical measures may reflect the optimal quality of care. However, it is uncertain
whether the increased cost necessary to restore full hand strength and wrist motion is necessary
to achieve sufficient patient satisfaction. The patient-centric philosophy in the outcomes
movement relies on patients’ perception of outcomes such as patient satisfaction. In recent
years, there is increasing recognition of the importance of using patient satisfaction as a metric
of quality of patient care in deference to the traditional, physical outcomes measurements. The
patient’s evaluation of outcomes is valuable because it reflects how a procedure impacts the
patient’s life in ways that are meaningful to the patient (8–11). In recognition of this, payors
are beginning to gather and use data on patient satisfaction as part of their evaluation of health
care quality (11–13). However, the relationship between patient satisfaction and functional
measures of hand outcome has never been established. It is uncertain how much hand strength
and wrist motion must be regained after surgery for the majority of patients to be satisfied with
their outcome. Hand therapy is costly, and if achieving a certain amount of improvement is
satisfactory to the majority of patients, then precious national resources can be saved for other
important areas. For a prevalent injury such as DRF, it is important to understand what level
of recovery in strength and wrist motion will be considered as satisfactory to patients. The
methodology employed in this study can be used in a similar manner to estimate the level of
functional measures of outcome needed to achieve sufficient patient satisfaction after other
types of hand surgery.

The specific aim of this paper is to use data from a prospective longitudinal outcomes study in
a large cohort of DRF patients who were treated with the volar locking plating system (VLPS).
Receiver Operating Characteristic (ROC) curves are constructed by comparing outcomes in
the satisfaction domain of the Michigan Hand Outcomes Questionnaire (MHQ) with functional
outcomes measures such as grip strength, key pinch strength, and active wrist arc of motion in
order to determine the optimal thresholds of the functional outcomes measures to discriminate
between satisfied and dissatisfied patients. These thresholds give surgeons and therapists
estimates of the progress that must be made for patient satisfaction after DRF treatment.

Methods
Patient Sample

This prospective ongoing longitudinal cohort of study subjects was described previously (14,
15). Briefly, consecutive patients with inadequately reduced DRFs after attempt at closed
reduction who subsequently underwent fixation with the VLPS were invited to participate in
the study. Patients were considered to have an inadequate reduction based on the following
radiographic criteria: apex volar angulation of >10°, a radial inclination angle of <15°, a radial
height of <10 mm, and/or an intra-articular step-off ≥2 mm. Patients were eligible to participate
if they were at least 18 years of age and literate in English. Patients were excluded if they had
bilateral fractures, or if they had experienced other upper arm, head, systematic, or multiple-
organ injuries. The study protocol was approved by the Institutional Review Board of the
medical center. Informed consent was obtained from all participants, and the rights of
participants were protected.
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Outcomes Measurements
Patients were evaluated at 3 months after surgery using the Michigan Hand Outcomes
Questionnaire (MHQ). The 3 month period was selected because the majority of the patients
in this series reported overall MHQ scores over 80, which indicates excellent outcomes, and
enough data on both satisfied and dissatisfied patients were collected to compare these groups.
The MHQ contains specific items to evaluate satisfaction with hand strength and wrist motion;
the validity of the MHQ has been established in multiple studies and over 100 publications
have used the MHQ for outcomes assessment (16). The MHQ consists of 37 questions that
reflect self-assessment in 6 areas: overall hand function, activities of daily living, pain, work
performance, aesthetics, and satisfaction with function. Each domain of the MHQ has been
found to have high content and construct validity, and high test-retest reliability (17). The
satisfaction domain was found to have an intraclass correlation of 0.96, indicating high test-
retest reliability (n=22) (17). The Spearman’s Correlation between satisfaction and overall
hand function (0.75), ADL (0.73), and work performance (0.63) were high (n=200); this
indicates that patients with better hand function tend to be more satisfied with their hand
function, and proves evidence for construct validity (17). Furthermore, the satisfaction domain
has been shown to be responsive to changes in health status: patients with chronic hand
disorders completed the MHQ before surgical treatment and 6 to 18 months after treatment
(n=187)(18). At the later time, they were also asked to rate the change in their hand(s) before
and after surgery(18). The Spearman’s Correlation between the change in satisfaction score
between the two times and the self-rated improvement was 0.39 (p=0.0007)(18). This indicates
that the satisfaction domain is sensitive to clinical change(18). Grip strength, key pinch grip,
and wrist arc of motion were used as functional measures of hand function. Measurements
were made by a certified hand therapist using a Jamar dynamometer (Sammons Preston Rolyan,
Bolingbrook, IL), a pinch gauge (B&L Engineering, Tustin, CA), and a goniometer
(Richardson Products, Inc., Frankfort, IL), respectively.

Data Analysis
Patient satisfaction was assessed based on two questions in the Satisfaction domain of the
MHQ, one of which pertains specifically to wrist motion and the other of which pertains
specifically to hand strength. For each question, respondents selected one of: “Very Satisfied”,
“Somewhat Satisfied”, “Neither Satisfied Nor Dissatisfied”, “Somewhat Dissatisfied”, or
“Very Dissatisfied”. In order to use an ROC curve, a dichotomous “gold standard” in needed.
Accordingly, the responses for the injured wrist were dichotomized, with “Very Satisfied” and
“Somewhat Satisfied” indicating satisfaction with wrist motion or hand strength, and “Neither
Satisfied Nor Dissatisfied”, “Somewhat Dissatisfied”, or “Very Dissatisfied” indicating
dissatisfaction with wrist motion or hand strength. Ordinal data are often dichotomized in
practice, although some information is lost in the process (19). We opted to dichotomize the
ordinal satisfaction data at this point because we wished to focus on the transition from no
satisfaction to at least some satisfaction.

Grip strength and key grip strength were each measured three times for both the injured and
uninjured hand. The means for each hand were calculated and adjusted using the 10% rule for
hand dominance (20). Wrist range of motion was also measured, and arc of motion was
calculated as degrees of flexion plus degrees of extension. For each functional measure, the
score for the injured hand was divided by the score for the uninjured hand to obtain the percent
of normative function. This was used as the functional measure in all analyses.

Receiver Operating Characteristic (ROC) curves were used to characterize the unadjusted
relationship between each functional measure of hand function and satisfaction. Satisfaction
was considered the “gold standard”, or the true state that we wished to predict using the
functional measures. Wrist arc of motion was used to predict satisfaction with wrist motion,
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and each of the two measures of strength was used separately to predict satisfaction with hand
strength. Every possible point was used to dichotomize the functional measure; patients with
higher measurement values were predicted to be satisfied, and patients with a lower
measurement values were predicted to be dissatisfied. These predictions were then compared
to the true satisfaction status based on the MHQ item scores to calculate sensitivity, or true-
positive rate, and 1-specificity, or false- positive rate. Sensitivity and 1-specificity were plotted
against each other to produce the ROC curves, and the area under the curve (AUC) was
calculated for each. A diagonal line from lower left to upper right represents a perfectly useless
predictor: it has the same chance of predicting satisfaction for everyone, regardless of true
satisfaction status. The AUC in this case is 0.5. A perfect predictor has a ROC curve that runs
up the left side and across the top of the graph: it is possible to select a cut-point that perfectly
distinguishes satisfied from dissatisfied patients. This predictor has an AUC of 1. In reality,
almost every predictive test falls between these two extremes. Predictive tests with an AUC of
less than 0.75 are not considered clinically useful (21). In order to compare the predictive power
of different tests on the same “gold standard”, the AUCs of the ROCs can be compared, with
the higher being the better predictor (22). We selected the best cut-point as the point on the
ROC curve furthest away from the line connecting the lower left-hand and upper right-hand
corners; this is appropriate to find the predictor that best distinguishes the true state if sensitivity
and specificity are equally important (23). For the best cut-off point, two additional statistics
were calculated: positive predictive value (PPV), or the percentage of patients predicted to be
satisfied who were satisfied; and negative predictive value (NPV), or the percentage of patients
predicted to be dissatisfied that were dissatisfied. Statistical analyses were performed in SAS
9.1 (SAS Institute Inc., Cary, NC) and SPSS 16 (SPSS Inc., Chicago, IL).

Results
125 patients were eligible for these analyses. Because of missing data, the sample size for the
analyses may vary. Table 1 presents a summary of the patient characteristics. The mean age
was 50 years, with a range of 18 to 85. The majority of patients were female (67%), white
(94%), and had college, graduate, or professional degree (57%).

The outcomes measures under consideration are summarized in Table 2. At 3 months, the mean
wrist arc of motion measured as a percent of the uninjured hand was 79.8% (range= 42.2–
104%). The adjusted mean grip strength measured as a percent of the uninjured after adjustment
with the10% rule hand was 58.2% (range = 0–115%), and the mean key grip strength measured
as a percent of the uninjured hand after adjustment with the 10% rule was 81.8% (range=38.8–
120%). Seventy-six participants (65% of those with available data) were satisfied with the
range of motion of the injured wrist, whereas 41 (35%) were not. Eighty-six participants (58%)
were satisfied with the strength in the injured hand, and 50 (42%) were not. The Pearson’
Correlation Coefficient between wrist range of motion and grip strength was 0.55 (p<0.001),
and between wrist range of motion and key pinch strength was 0.35 (p<0.001). Considering
satisfaction before dichotomization, we found that the estimated Spearman’s Correlation
between grip strength and satisfaction with strength was 0.50 (p<0.0001), 0.47 (p<0.0001)
between key pinch strength and satisfaction with strength, and 0.53 (p<0.0001) between arc
of wrist motion and satisfaction with wrist motion, where positive correlation indicates that
higher functional outcomes score is associated with higher satisfaction.

The AUC of the ROC curve between wrist arc of motion and satisfaction with wrist motion
(Figure 1) was calculated to be 0.81 (95% CI: 0.72, 0.90). A cut-off point of 95% of the
normative hand was selected. This cut-off point has sensitivity of 0.89, specificity of 0.63, PPV
of 0.83, and NPV of 0.75.
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The AUC of the ROC curve between grip strength and satisfaction with hand strength (Figure
2) was 0.77 (95% CI: 0.68, 0.86). The best cut-off point was determined to be 65% of the
normative hand. This cut-off point had a sensitivity of 0.60 and a specificity of 0.86. The PPV
is 0.85 and the NPV is 0.61.

The AUC for the ROC curve between key pinch strength and satisfaction with hand strength
(Figure 2) was 0.71 (95% CI: 0.61, 0.80). The best cut-point was 87% of the normative hand,
with sensitivity of 0.47 and specificity of 0.88. The PPV is 0.84 and the NPV is 0.54.

Discussion
ROC curves are often used to find a suitable cut-off value for a laboratory test to predict
presence or absence of disease; however, this technique can be used more generally to find the
value of any continuous variable that best discriminates between the states of a dichotomous
variable. For example, this technique has recently been used to find the minimal clinically
important improvement in self-rated pain, function, ADL, and ability to work needed for patient
satisfaction (24) . In this study, we used the ROC curves to evaluate the strength of association
between the functional measures of grip strength, key pinch strength, and wrist arc of motion
with patient satisfaction, and to define the level of recovery of the_functional measures that
best predicts patient satisfaction. Grip strength, with an AUC of 0.77, was found to be a better
predictor of satisfaction with hand strength than key grip (AUC=0.71). All of the functional
measures we considered had a moderately high AUC with patient satisfaction, indicating that
satisfaction and these functional measures are positively related. However, the functional
measures are far from perfectly predictive of patient satisfaction, as is clear from the sensitivity,
specificity, PPV, and NPV; none of the functional measures of outcome perfectly distinguish
dissatisfied from satisfied patients. This finding agrees with previous studies that have found
that functional measures of outcome are positively associated with patient evaluation after wrist
and hand surgery, but do not fully explain patient evaluations of their outcomes. For example,
Karnezis and Fragkiadakis (25) found that in distal radius fracture patients, grip strength, but
not wrist extension and flexion, was predictive of better self-reported outcome using the
patient-rated wrist evaluation (PRWE) score using multiple linear regression. Their final model
for predicting PRWE included grip strength and adjusted for patient demographic and presence
of an intra-articular fracture of the radiocarpal or distal radio-ulnar joints, and had an R2 value
of 0.43, indicating that the model explained only 43% of the variability of PRWE.

Several previous studies have quantified the range of active wrist motion needed to perform
activities of daily living (ADL). Ryu et al. found that in 40 healthy subjects, most activities
simulating ADL could be performed with 40 degrees each of wrist flexion and extension, with
some complementary rotation of the forearm (26). Palmer et al. determined that 30 degrees of
wrist extension and 5 degrees of wrist flexion are needed to perform 52 ADL tasks (27). If we
take the normal wrist arc of extension-flexion motion to be about 140 degrees (26,28), these
studies estimate that 25–57% of normal arc of motion is needed to carry out ADL. Despite
these previous studies indicting that a relatively restricted wrist arc of motion is sufficient to
perform ADL, we found that DRF patients need to regain 95% of the arc of motion, almost
returning to their pre-injury arc of motion, to be satisfied, based on ROC curves relating arc
of motion with patient satisfaction. Although it may not be possible to return to the pre-injury
arc of wrist motion after DRF (28), surgeons and therapists should be aware that their patients
may only be satisfied with regaining close to their normal wrist arc of motion. The difference
between the minimum arc of motion needed for ADLs and that needed for satisfaction may be
related to patient expectations. After injury, an otherwise healthy patient may expect to regain
full function of his or her wrist, and may not be satisfied with the minimum arc of motion
needed to perform ADL. However, it is possible in that in chronic conditions in which both
hands are affected, such as rheumatoid arthritis, patient expectation may be much lower, and
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a much lower arc of motion may be needed for patients to feel satisfied with their wrist motion.
This is a hypothesis that is worth exploring in the future.

In their evaluation of outcomes measures in Colles’ fracture patients, Sarmiento et al.
considered patients with less than 60% of normative grip strength to have significantly impaired
function (29). Our study confirms Sarmiento et al.’s estimation of a cut-point for the grip
strength that patients seek. We estimate that patients need to recover about 65% of the grip
strength and 87% of the key-pinch strength of their normative hand to be satisfied.

Conclusions
In this paper, we establish cut-off points for functional measures of outcome that best
distinguish between patient satisfaction and dissatisfaction with their outcomes after DRFs.
Development and use of statistical and outcomes tools to allow patients to evaluate their health
are likely to continue to expand. It is of practical interest to consider what these tools are
measuring, including how they are related to traditional, functional outcomes measures.
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Figure 1.
ROC curve using satisfaction with wrist motion as the “gold standard”, and arc of motion as
the continuous predictor. The arrow indicates the cut-point that best discriminates between
satisfied and dissatisfied.
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Figure 2.
ROC curve with satisfaction with hand strength as the “gold standard”, and grip strength and
key pinch strength as the continuous predictors. The arrows indicate the cut-points that best
discriminate between satisfied and dissatisfied.
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Table 1

Patient Characteristics
Mean age, years (sd) 50 (17)
Female, number (%) 83 (67)
College Graduate or Higher, number (%) 67 (57)
White, number (%) 116 (94)
Income > $70,000 per year, number (%) 52 (43)
AO Classification of Fracture, number (%)*
A (%) 41 (45)
B (%) 10 (11)
C (%) 40 (44)
*
Among patients with available data
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Table 2

Objective outcomes and satisfaction 3 months after fixation with the volar locking plating system
Mean Wrist Arc of Motion, % (sd)* 0.80 (0.13)
Mean Grip Strength, % (sd)* 0.58 (0.25)
Mean Key Grip Strength, % (sd)* 0.82 (0.16)
Wrist Arc of Motion**
    Satisfied (%) 76 (65)
    Dissatisfied (%) 41 (35)
Strength**
    Satisfied (%) 68 (58)
    Dissatisfied (%) 50 (42)
*
Measured as percent of the uninjured side

**
Among patients with available data
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