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Background: Clinical scoring systems are increasingly important and popular for the evaluation of or-
thopedic patients. Elbow stiffness commonly causes functional impairment and upper-limb disability. The
purpose of this study was to develop and validate a new elbow-specific assessment score to evaluate joint
function in patients with elbow stiffness.
Methods: The new system, the Shanghai Elbow Dysfunction Score (SHEDS), was developed in 3 por-
tions: elbow motion capacities, elbow-related symptoms, and patient satisfaction level. A total of 73 patients
with elbow stiffness were prospectively included. Intraclass correlation coefficients and Cronbach α values
were calculated for test-retest reliability and internal consistency, respectively. Construct validity was as-
sessed by correlating the SHEDS with previously validated scoring systems. Effect sizes (ES) and standardized
response means (SRMs) were calculated for responsiveness.
Results: Positive reliability with an intraclass correlation coefficient of 0.83 and adequate homogeneity
with a Cronbach α value of 0.74 were found for the SHEDS. Good to excellent validity using Spearman
correlation coefficients (SCCs) were determined for the total (0.51-0.82), motion (0.65-0.89), and symptom
(0.35-0.53) scores. Responsiveness was large for the total ES, 3.48; SRM, 2.96), motion (ES, 2.54; SRM,
2.08), and symptom (ES, 1.26; SRM, 1.14) scores. There were no ceiling or floor effects. Significant pos-
itive correlations were found between patient satisfaction levels and the final scores (SCC, 0.62), as well
as the score changes of the SHEDS (SCC, 0.42).
Conclusion: Our results suggest that the newly developed SHEDS is an excellent, comprehensive, valid
scoring system to evaluate joint function in patients with elbow stiffness.
Level of evidence: Development or Validation of Outcome Instruments
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The elbow is a constrained, complex, hinged joint, which
positions the hand inside a sphere, created by shoulder move-
ment, with a radius the length of the upper arm and forearm.
Normal elbow motion ranges between approximately 0° (full
extension) and 140°-150° of flexion. Forearm rotation varies
but averages about 75° in pronation and 85° in supination.
Morrey et al25 estimated that the minimum motion required
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for relatively normal function was an extension-flexion arc
of 100° (between 30° and 130°) and forearm rotation of 100°
of combined pronation and supination. Elbow stiffness is a
well-recognized disabling condition that causes functional im-
pairment in the upper limb and interferes with daily activities,
and it is a very common complication after elbow injury or
owing to arthropathy. Both bony and soft-tissue factors are
important etiologies.10,18,30

Clinical scoring instruments are increasingly used as func-
tional measurement tools for orthopedic patients. They help
estimate the severity of dysfunction, evaluate treatment effec-
tiveness, and compare different treatment methods. In most
elbow-related scoring systems, pain accounts for most of the
overall score almost uniformly whereas neurologic function is
inadequately assessed. There is also wide variability in strength,
instability, and deformity measurements among systems.21,38

In clinical practice, however, the main concern of patients with
elbow stiffness is often movement restoration rather than pain
relief. Neurologic (especially ulnar nerve) symptoms, weak-
ness, and instability are commonly seen in patients after elbow
trauma and related surgical procedures.4 Furthermore, the Oxford
Elbow Score9 (OES) has been reported to be the only elbow-
specific scoring system validated for reliability, validity, and
responsiveness using high-quality methodology.41,42 Even a well-
established, validated instrument may not be applicable for all
different populations, the need for published scoring systems
for elbow stiffness is clear. However, for this special popula-
tion, there have been no published validation studies, and
existing systems have some inadequacies.

Therefore, the purpose of this study was to develop and val-
idate a new elbow-specific functional assessment score for
patients with elbow stiffness. We called this new scoring system
the Shanghai Elbow Dysfunction Score (SHEDS) and hypoth-
esized that the SHEDS would have positive reliability, adequate
homogeneity, good validity, and significant responsiveness for
our target population. In addition, we hypothesized that both
the final scores and the score changes of the SHEDS would
show positive correlations with patient satisfaction levels.

Materials and methods

Development

Item extraction and screening
Our purpose was to evaluate joint function in a target population
of patients with elbow stiffness. On the basis of clinical practice ex-
perience, we have observed that elbow motion capacities and
symptoms are the most important considerations for patients with
elbow disorders. Almost all elbow-related scoring systems assess
elbow extension-flexion and forearm rotation, whereas evaluations
of symptoms, including pain, muscular strength, stability, and nerve
function, vary widely.

Besides the crucial elbow motion capacities, the following 5
targets, in our experience, were important for evaluating elbow stiff-
ness: pain, ulnar nerve function, stability, strength, and satisfaction.
(1) Pain has a strong impact on elbow function and health status
measures,12 and pain is weighted at 30%-50% in most elbow-

related scoring systems.21 (2) Delayed-onset ulnar neuropathy is
common after elbow trauma, and elbow surgery carries risks of neu-
rovascular complications, most commonly ulnar neuritis.4 This
underscores the importance of evaluating ulnar nerve function before
and after elbow surgery.5,7,37 Unfortunately, ulnar nerve function is
neglected in most elbow-related scoring systems. (3) Instability may
indicate collateral ligament dysfunction and/or structural abnor-
malities and thus prove important in planning operative options and
postoperative rehabilitation.4 (4) Along with joint instability, reduced
muscle strength, often observed clinically after elbow trauma and
surgery, is evaluated in several elbow scoring systems.21 Both long-
term disuse atrophy and elevation or incision of the muscle during
surgery may lead to muscular strength reduction.8,40 (5) No exist-
ing elbow-related scoring system records patient satisfaction, which
is often influenced by patient expectations.35 Objective parameters
have been found by some researchers to have no correlation with
patient satisfaction.6 The addition of patient satisfaction, as in the
Knee Society Scoring System developed in 2012,26 may reconcile
discrepancies between clinician- and patient-derived assessment tools.

Item pattern determination appropriately for follow-up
The SHEDS was gradually refined into 3 portions: elbow motion
capacities (EMC), elbow-related symptoms (ERS), and patient sat-
isfaction level. Clinical experience suggests that patients with elbow
stiffness are more concerned with elbow function in daily activi-
ties than with absolute increase in range of motion (ROM)27; thus,
patient-rated questionnaires were chosen for EMC assessment. An
innovative 8-item daily activity form (Table I) was developed. Normal
elbow motion was split into 8 independent parts (p1-p4 and s1-
s4), in which forearm rotation was divided into pronation (p) and
supination (s) and extension was divided as follows: (1) 0°-30°, (2)
30°-60°, (3) 60°-90°, and (4) greater than 90°. By use of
3-dimensional motion-capture technology in 3 different planes
simultaneously,16,44 critical positional and functional tasks along with
various contemporaneous tasks were identified for each elbow ROM
by reference to the work of Sardelli et al33 and other studies.17,29 After
discussion by our clinical team, p1, p2, p3, and p4 were assigned
to the representative tasks of tying shoelaces, riding a bike, using
a computer mouse and keyboard, and combing hair, respectively.
For s1, s2, s3, and s4, mopping the floor, opening a door, reading
a magazine, and washing one’s face, respectively, were selected.
Finally, each item was graded as follows: not difficult, somewhat
difficult, or unable. We then randomly selected 20 patients with elbow
stiffness that was exactly at each of the 4 ranges of extension ROM
for pretesting (eg, the extension-flexion arc of 35°-50° was chosen
for group 2) in the outpatient service. The results confirmed that
ratings of not difficult or somewhat difficult were assigned by

Table I Eight-item activity form for EMC portion

Item Pronation Supination

Extension 1
(0°-30°)

Tying shoelaces (p1) Mopping the
floor (s1)

Extension 2
(30°-60°)

Riding a bike (p2) Opening a
door (s2)

Extension 3
(60°-90°)

Using a computer mouse
and keyboard (p3)

Reading a
magazine (s3)

Extension 4
(>90°)

Combing hair (p4) Washing one’s
face (s4)

EMC, elbow motion capacities.
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patients for doing expected activities corresponding to their pre-
served range, whereas ratings of somewhat difficult or unable were
assigned as expected to the other 3 ranges, confirming the instru-
ment’s appropriate use to evaluate elbow mobility.

The ERS portion was assessed as follows: Pain expression was
evaluated by a patient-rated visual analog scale (VAS) question-
naire from 0 to 10, owing to established strong influences of
psychological and sociologic factors on pain.11 To statistically strength-
en the subjective VAS score, pain was graded and defined as none
(0), mild (1-3), moderate (4-6), or severe (7-10). Ulnar nerve symp-
toms were graded as none, sensory, motor with no disability, or motor
with disability, as in the Liverpool Elbow Score.34 Strength was ini-
tially thought to be best measured using quantitative testing
instruments,36 but manual muscle strength testing (MMT) proved
more practical to implement and eliminated concerns of quantita-
tive testing such as arm dominance and defining abnormal strength
values. Strength was graded in a bimodal manner: MMT of 5 (level
V) or MMT lower than 5. Elbow stability was graded simply as stable
or unstable. The validated, self-administered scale (very satisfied,
somewhat satisfied, neutral, somewhat dissatisfied, or very dissat-
isfied) of Mahomed et al22 was used for patient satisfaction.

Point allocation
A score range between 0 and 100 points (with lower scores repre-
senting greater severity) was selected for the SHEDS for simplicity
of calculation (Table II). There were 3 grades (an x point was as-
signed for grade difference) in each item of the EMC portion; therefore,

the total possible score for EMC was as follows: 2x × 8 = 16x points.
Pain is weighted as 30%-50% in most elbow-related scoring
systems,23,38 and ulnar nerve assessment is very important as men-
tioned earlier.4,5,7,37 Therefore, we agreed that the point weightings for
pain and ulnar nerve function should exceed those for stability and
strength. As the main concern of patients with elbow stiffness is move-
ment restoration rather than pain relief, we chose to give the same
score for pain as for ulnar nerve items, in contrast to most other systems.
Therefore, a y point was assigned uniformly for the grade difference
in the ERS portion, with a total possible score of 3y + 3y + y + y = 8y
points. A total score of 4z points could be added, in which z repre-
sents the grade difference in satisfaction level. Thus, we ended with
a potential total of 16x + 8y + 4z = 100 points.

Considering that achieving a functional ROM was the most im-
portant consideration for patients with elbow stiffness, yet the
importance of improving elbow symptoms should not be ignored,
we agreed to further refine the instrument by changing it so that the
weighted values of the EMC portion were balanced to comprise nearly
half of the total score while maintaining a score ratio of about 1:1
between the EMC and ERS portions. As an additional refinement,
it was determined to be more appropriate to assign a score of 3 points
for x, 5 points for y, and 3 points for z, that is, 6 total points for
each movement (48 total points for the EMC portion), 15 points for
pain and ulnar nerve symptoms, 5 points for stability and muscle
strength (40 total points for the ERS portion), and 12 points for sat-
isfaction. Finally, we subtracted 5 points from the SHEDS in cases
in which radial or median nerve symptoms were present (Table III).

Patients

This was a prospective study that assessed patients who presented to
our institution for elbow arthrolysis because of elbow stiffness from
December 2016 to April 2017. The exclusion criteria were (1) un-
willingness to participate in or cooperate with follow-up, (2) illiteracy
or inability to understand the contents of questionnaires for cogni-
tive reasons, and (3) mental illness. During the study period, 82 patients
underwent surgery for elbow stiffness at our institution. Of these, 73
met the inclusion and exclusion criteria (Table IV). All 73 com-
pleted the SHEDS, Disabilities of the Arm, Shoulder and Hand (DASH)
questionnaire, OES, Mayo Elbow Performance Score (MEPS), and
Short Form 36 (SF-36) preoperatively; and 68 completed these at final
follow-up (5 refused or were lost to follow-up). Data were analyzed
anonymously; all patients approved the results of this study by oral
consent. The oral consent approval was documented in the patients’
files. All clinical investigations were conducted in accordance with
the guidelines of the Declaration of Helsinki.

Testing and evaluation of measurement qualities

Reliability
Intraclass correlation coefficients (ICCs) were calculated for test-retest
reliability. Initial testing was performed 14 days before hospitaliza-
tion by patients and doctors from clinical teams in the outpatient service.
The second examination was performed just before surgery by pa-
tients and doctors from clinical teams in inpatient departments. The
Cronbach α (CA) was calculated for internal consistency.

Validity
“Construct validity” is defined as the degree to which the scores of
a particular instrument correspond with a gold standard. Unfortunately,

Table II Point allocation for each item of SHEDS

Score

EMC portion (total score = 2x × 8 = 16x points)
Each item

Not difficult 2x points
Somewhat difficult x points
Unable 0 point

ERS portion (total score = 3y + 3y + y + y = 8y points)
Pain

None 3y points
Mild 2y points
Moderate y points
Severe 0 point

Ulnar nerve
None 3y points
Sensory 2y points
Motor with no disability y points
Motor with disability 0 point

Strength
MMT = 5 y points
MMT < 5 0 point

Stability
Stable y points
Unstable 0 point

Patient satisfaction level (total score = 4z points)
Very satisfied 4z points
Somewhat satisfied 3z points
Neutral 2z points
Somewhat dissatisfied z points
Very dissatisfied 0 point

SHEDS, Shanghai Elbow Dysfunction Score; EMC, elbow motion capaci-
ties; ERS, elbow-related symptoms; MMT, manual muscle strength testing.
The total score for the SHEDS is 16x + 8y + 4z = 100 points.
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no gold-standard test has been previously established for pre- and post-
arthrolysis elbow status. The 2-part DASH questionnaire can be used
to measure disability for any upper-limb region and was shown to be
valid and responsive.3 The 3-part OES is a valid, reliable, and re-
sponsive self-administered instrument, useful for several types of elbow
function measurements.9 The DASH score and OES have been shown
to correlate with general health measures such as the SF-36.9,39 Con-
sisting of physician-rated pain, ROM, and stability, as well as patient-
rated daily function, the MEPS24 was the most widely used elbow
functional assessment in a large systematic review.13 In this project,
the disability part of the DASH questionnaire, the elbow function part
of the OES, and the ROM and daily activity function parts of the MEPS
were consolidated as the EMC portion of the SHEDS. The symptom
section of the DASH questionnaire and the pain and stability por-
tions of the MEPS were combined in the ERS portion. Construct
validity was then assessed by correlating the SHEDS with the DASH
score, OES, MEPS, and SF-36 score (physical component summary
[PCS] and mental component summary [MCS]) in total scores and
the EMC portion, ERS portion, and pain portion using Spearman cor-
relation coefficients (SCCs).

Responsiveness
We calculated the effect size (ES)19 and standardized response mean
(SRM)28 to quantify responsiveness for all systems. Possible floor
and ceiling effects were scrutinized. Last, the final scores and score
changes of the SHEDS were correlated with patient satisfaction levels.

Translation

The SHEDS was first discussed, developed, and improved in a sim-
plified Chinese (mainland)–language version by the expert committee

Table III Shanghai Elbow Dysfunction Score

Score, points

EMC
Tying shoelaces

Not difficult 6
Somewhat difficult 3
Unable 0

Mopping the floor
Not difficult 6
Somewhat difficult 3
Unable 0

Riding a bike
Not difficult 6
Somewhat difficult 3
Unable 0

Opening a door
Not difficult 6
Somewhat difficult 3
Unable 0

Using a computer mouse and keyboard
Not difficult 6
Somewhat difficult 3
Unable 0

Reading a magazine
Not difficult 6
Somewhat difficult 3
Unable 0

Combing hair
Not difficult 6
Somewhat difficult 3
Unable 0

Washing one’s face
Not difficult 6
Somewhat difficult 3
Unable 0

ERS
Pain* (visual analog scale)

None (0) 15
Mild (1-3) 10
Moderate (4-6) 5
Severe (7-10) 0

Ulnar nerve†

None 15
Sensory 10
Motor with no disability 5
Motor with disability 0

Strength
MMT = 5 5
MMT < 5 0

Stability
Stable 5
Unstable 0

Patient satisfaction level
Very satisfied 12
Somewhat satisfied 9
Neutral 6
Somewhat dissatisfied 3
Very dissatisfied 0

EMC, elbow motion capacities; ERS, elbow-related symptoms; MMT, manual
muscle strength testing.
* Pain is scored as the degree of pain on a visual analog scale.
†

We subtract 5 points from the Shanghai Elbow Dysfunction Score in
cases in which radial or median nerve symptoms are present.

Table IV Demographics and clinical characteristics of patients

Data

Characteristic
No. of patients 73
Male 42 (58)
Age, yr 37 ± 12 (8-71)
BMI, kg/m2 23.3 ± 3.0 (16.4-31.1)
Dominant arm 41 (56)
Disease duration,* mo 26 ± 55 (2-360)
Previous elbow ORIF 59 (81)
Immobilization time, weeks 2 ± 3 (0-19)
Follow-up time,† mo 14 ± 1 (12-16)

Etiology (traumatic and atraumatic)
Synovialis 2 (3)
Simple elbow dislocation 5 (7)
Distal humeral fracture 25 (34)
Radial head fracture 6 (8)
Coronoid fracture 1 (3)
Olecranon fracture 15 (21)
Galeazzi fracture 1 (3)
Monteggia fracture 4 (5)
Floating elbow fracture 5 (7)
Terrible triad injury 9 (12)

BMI, body mass index; ORIF, open reduction and internal fixation.
Categorical variables are presented as number (percentage). Continu-
ous variables are presented as mean ± standard deviation (range).
* Length of time with stiff elbow.
†

Postoperative period after elbow release.

SHEDS for patients with elbow stiffness 299



led by C.F., including most of our clinical team members who were
experienced in research and treatment of elbow stiffness. The trans-
lation from simplified Chinese (mainland) into the English-
language version was performed using the cross-cultural adaptation
process of Guillemin et al,14,15 maintaining content validity by pro-
ceeding in 6 steps: translation, synthesis, back translation, expert
committee review, pretesting, and submission for appraisal. At last,
a final English-language version (Table III) was produced after con-
sensus from the committee on semantic, idiomatic, experiential, and
conceptual equivalence between the English-language and origi-
nal simplified Chinese (mainland)–language versions.

Statistical analyses

All statistical analyses were performed using SPSS software (version
22.0; IBM, Armonk, NY, USA). Categorical data are presented as
number (percentage). Continuous data are presented as mean ± stan-
dard deviation (range). P < .05 was considered statistically significant.
Positive reliability and sufficient homogeneity were assumed when
the ICC and CA were at least 0.70.41 Construct validity or correla-
tion was considered strong if the SCC was greater than 0.5; moderate,
0.35-0.5; or weak, less than 0.35.20 Responsiveness was consid-
ered large if the ES or SRM was greater than 0.8; moderate, 0.5-
0.8; or small, less than 0.5.31 Floor or ceiling effects were determined
to exist when more than 15% of a patient group achieved the highest
or lowest possible score of the SHEDS.23

Results

All patients completed the SHEDS with no difficulties and
no missing or multiple responses. The ICCs were 0.83, 0.81,
and 0.89 for the total score, EMC portion, and ERS portion,
respectively; the CAs were 0.74, 0.78, and 0.62, respective-
ly (Table V). All the SCCs were positive, except the
relationship with the DASH score, which is scored in-
versely (Table VI). The SHEDS overall scores correlated well
with the compared total scores (P < .001 for all SCCs) for
the DASH score (0.82), OES (0.76), MEPS (0.51), and SF-
36 score (PCS, 0.55; MCS, 0.70). The EMC and ERS portions
of the SHEDS correlated either strongly or moderately with
similar parts of the DASH questionnaire, OES, and MEPS.
In general, the different SHEDS portions also correlated well
with the DASH score, OES, MEPS, and SF-36 score, with
either high or moderate correlations in total scores (0.51-
0.82) and the EMC (0.65-0.89), ERS (0.35-0.53), and pain
(0.43-0.57) portions of the SHEDS.

The SHEDS showed large (ES > 0.8 or SRM > 0.8) re-
sponsiveness for total score (ES, 3.48; SRM, 2.96; P < .001)
and both the EMC and ERS portions (Table VII). This anal-
ysis also showed that the SHEDS was more responsive than
the DASH score, with an ES of 2.83 and SRM of 2.33
(P < .001); OES, with 2.55 and 2.00, respectively (P < .001);
MEPS, with 2.21 and 1.80, respectively (P < .001); SF-36 PCS
score, with 1.64 and 1.33, respectively (P < .001); and SF-
36 MCS score, with 1.14 and 0.97, respectively (P < .001).
No floor or ceiling effects were found (Table VIII). A sig-
nificant positive correlation was found between final scores
(0.62, P < .001), as well as score changes of the SHEDS (0.42,
P < .001), and satisfaction levels (Table IX), which was higher
than that found using other systems.

Discussion

With an activated myofibroblast–mast cell–neuropeptide axis10,18

and a local osteoinductive microenvironment,30 the elbow is
more vulnerable to motion loss than any other joint after trauma
or arthropathy. This lost motion is often accompanied by pain,
numbness, weakness, or instability and may interfere with leisure
activities and basic activities of living. However, existing elbow-
related assessment scores have defects in evaluation content
or validation methodology for elbow stiffness; therefore, a new
instrument with high-quality validation is needed.

The SHEDS, a newly developed and positively validated
functional measurement tool for elbow stiffness, is simple
enough to be rapidly administered in clinics, with a scale range
from 0 to 100 points (with higher scores indicating better func-
tion) and a content of 13 items, comprising physician-assessed
ulnar nerve function, muscular strength, and stability, as well
as patient-assessed motion capacities, pain, and satisfaction.

The increased importance and use of self-assessment scores
as additional measurement tools to the physician-based ob-
jective evaluation can be attributed to their advantages
regarding financial and logistical concerns and elimination

Table V Test-retest reliability and internal consistency of SHEDS

Test,
mean (SD)

Retest,
mean (SD)

ICC CA

Total score 49 (13) 45 (10) 0.83 0.74
EMC portion 18 (12) 13 (8) 0.81 0.78
ERS portion 31 (6) 31 (6) 0.89 0.62

SHEDS, Shanghai Elbow Dysfunction Score; SD, standard deviation; ICC,
intraclass correlation coefficient; CA, Cronbach α; EMC, elbow motion
capacities; ERS, elbow-related symptoms.

Table VI Construct validity: SCCs between SHEDS and DASH
score, OES, MEPS, and SF-36 score

Total EMC
portion

ERS
portion

Pain
portion

DASH score 0.82* 0.89* 0.53* 0.57*
OES 0.76* 0.82* — 0.43*
MEPS 0.51* 0.65* 0.35† 0.57*
SF-36 PCS score 0.55* — — (SF-36 BP)
SF-36 MCS score 0.70* — — (0.47*)

SCC, Spearman correlation coefficient; SHEDS, Shanghai Elbow Dysfunc-
tion Score; DASH, Disabilities of Arm, Shoulder and Hand questionnaire;
OES, Oxford Elbow Score; MEPS, Mayo Elbow Performance Score; SF-36,
Short Form 36; EMC, elbow motion capacities; ERS, elbow-related symp-
toms; PCS, physical component summary; MCS, mental component
summary; BP, body pain.
* P < .001.
† P < .01.
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of observer bias.21 Among the existing elbow-related scoring
systems, self-assessment questionnaires such as the OES and
Patient-Rated Elbow Evaluation assess only pain in their
symptom domains and rely on only highly subjective VAS
scores. Physician-assessed systems such as the Broberg and
Morrey rating systems and the Hospital for Special Surgery
Assessment Scale have the deficiency of using only objec-
tive parameters to assess elbow function, and the MEPS
includes only extension-flexion ROM, neglecting forearm ro-
tation. The American Shoulder and Elbow Surgeons–Elbow
(ASES-E) questionnaire is an elbow-specific and both patient-
and physician-completed questionnaire; however, with more
than 50 responses, it is somewhat unwieldy.

Our study group consisted of 73 patients (mean age, 37
years) with a male-female ratio of almost 1:1, comparable
with other validation studies’ numbers of patients, ages, and
sexes.9,34 The minimum sample size of respondents while de-
veloping a new scoring system is 3 times the number of items
in the system.2 Therefore, with a total of 13 items, a total sample
size of 73 was considered sufficient. The presented patients
represent a wide spectrum of elbow stiffness etiologies, in-
cluding varied fracture patterns and atraumatic factors (Table II);
this heterogeneous collection allows for a universal validation.

Table VII Responsiveness of SHEDS compared with DASH score, OES, MEPS, and SF-36 score

Questionnaires Mean (SD) P value ES* SRM*

Preoperative Follow-up Change

SHEDS
Total score 49 (13) 88 (9) 38 (13) <.001 3.48 (L) 2.96 (L)
EMC portion 18 (11) 41 (6) 23 (11) <.001 2.54 (L) 2.08 (L)
ERS portion 31 (6) 36 (4) 5 (6) <.001 1.26 (L) 1.14 (L)
Pain portion 12 (4) 14 (2) 2 (4) <.001 0.81 (L) 0.64 (M)

DASH score
Total score 52 (17) 11 (11) 41 (18) <.001 2.83 (L) 2.33 (L)
EMC portion 44 (16) 9 (9) 35 (16) <.001 2.75 (L) 2.22 (L)
ERS portion 8 (3) 3 (3) 6 (3) <.001 1.98 (L) 1.64 (L)
Pain 3 (2) 1 (1) 2 (2) <.001 1.29 (L) 0.99 (L)

OES
Total score 50 (17) 87 (12) 37 (19) <.001 2.55 (L) 2.00 (L)
EMC portion 36 (22) 86 (14) 51 (23) <.001 2.73 (L) 2.19 (L)
Pain 75 (23) 92 (12) 17 (25) <.001 0.92 (L) 0.67 (M)

MEPS
Total score 64 (15) 92 (9) 28 (15) <.001 2.21 (L) 1.80 (L)
EMC portion 18 (11) 43 (4) 25 (11) <.001 3.03 (L) 2.18 (L)
ERS portion 46 (9) 49 (7) 3 (9) .013 0.34 (S) 0.31 (S)
Pain 37 (9) 40 (7) 3 (9) .008 0.35 (S) 0.33 (S)

SF-36 score
PCS 53 (17) 80 (16) 27 (20) <.001 1.64 (L) 1.33 (L)
MCS 51 (24) 75 (18) 24 (25) <.001 1.14 (L) 0.97 (L)
Pain 70 (15) 83 (10) 13 (15) <.001 1.02 (L) 0.85 (L)

SHEDS, Shanghai Elbow Dysfunction Score; DASH, Disabilities of Arm, Shoulder and Hand questionnaire; OES, Oxford Elbow Score; MEPS, Mayo Elbow Per-
formance Score; SF-36, Short Form 36; SD, standard deviation; ES, effect size; SRM, standardized response mean; L, large; EMC, elbow motion capacities;
ERS, elbow-related symptoms; PCS, physical component summary; MCS, mental component summary.
* For ES and SRM, large responsiveness (L) is defined as greater than 0.8; moderate responsiveness (M), 0.5 to 0.8; and small responsiveness (S), less

than 0.5.

Table VIII Floor and ceiling effects of SHEDS

Component SHEDS, n* (%) Floor
effect, %†

Ceiling
effect, %†

Lower limit Upper limit

Total score 25 (1) 82 (1) 0 0
EMC portion 0 (2) 45 (1) 2.7 0
ERS portion 15 (1) 40 (8) 0 11.0

SHEDS, Shanghai Elbow Dysfunction Score; EMC, elbow motion capaci-
ties; ERS, elbow-related symptoms.
* Number of patients showing lowest or highest values in various parts.
† Percent of patients achieving lowest or highest values in various parts.

Table IX Correlations of final scores and score changes with
patient satisfaction

Questionnaire SHEDS DASH
score

OES MEPS SF-36
PCS
score

SF-36
MCS
score

SCC1 0.62* 0.49* 0.52* 0.49* 0.27† 0.26†

SCC2 0.42* 0.27† 0.30† 0.29† 0.20 0.20

SHEDS, Shanghai Elbow Dysfunction Score; DASH, Disabilities of Arm,
Shoulder and Hand questionnaire; OES, Oxford Elbow Score; MEPS, Mayo
Elbow Performance Score; SF-36, Short Form 36; PCS, physical component
summary; MCS, mental component summary; SCC1, Spearman correlation
coefficient between final score and patient satisfaction; SCC2, Spear-
man correlation coefficient between score change and patient satisfaction.
* P < .001.
† P < .05.
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The statistical evaluation for the SHEDS included the as-
sessment of test-retest reliability, internal consistency, validity,
responsiveness, and floor and ceiling effects. The assess-
ment of test-retest reliability resulted in ICCs of at least 0.81,
which indicates positive reliability. In the current literature,
the optimal time for the retest assessment is missing, but in
most cases, a time period of 1 or 2 weeks is considered
appropriate.41 In addition, a CA of 0.74 represents high in-
ternal consistency for the SHEDS, with the highest value of
0.78 (for the EMC portion) not exceeding the value of 0.95
that might indicate item redundancy.42 In the literature, no gold
standard exists for comparison of construct validity between
elbow scores. Therefore, the decision was made to correlate
the SHEDS with previously validated scoring systems (DASH
score, OES, MEPS, and SF-36 score). Our innovative 8-item
activity form (EMC portion) correlated well with the DASH
score, OES, and MEPS, with SCCs of at least 0.65, as well
as the total score (≥0.51) and the ERS portion (≥0.35), which
indicated good to excellent validity.21,38 These 8 activities, with
3 levels of severity, are not only independent but also com-
plementary to one another, which makes them appropriate for
evaluation of full elbow mobility. Although pain comprised
only 15% of the SHEDS, in clinical practice, the main concern
of patients is movement restoration rather than pain relief,
and pain in the SHEDS correlated well with the DASH score
(0.57), OES (0.43), and SF-36 score (0.47), all validated as
strongly correlated with pain levels.9,39 In the current litera-
ture, various statistics to determine responsiveness are available;
however, the best method remains unestablished.1 Thorborg
et al43 proved that the determination of the ES and SRM in
addition to the Global Perceived Effect Score is a consider-
able improvement in assessing responsiveness. It has also been
suggested that distribution-based methods are solely useful
when suitable external anchors are not available for use, and
anchor-based methods should be given greater weight than
distribution-based methods for converging on a single value.32

However, no reported gold standard of external anchors has
been established for our data. Under this condition, distribution-
based methods such as the ES and SRM are still the first choice
for validation.9,20 In this study, the ES, SRM, and correla-
tions between final scores, as well as score changes of the
SHEDS, and patient satisfaction levels were calculated to
assess responsiveness. A large value of the ES and SRM was
found in total scores (ES, 3.48; SRM, 2.96), the EMC portion
(ES, 2.54; SRM, 2.08), and the ERS portion (ES, 1.26; SRM,
1.14), with significant positive correlations (ES, 0.62; SRM,
0.42) between final scores, as well as score changes of the
SHEDS, and patient satisfaction levels.

This study had some weaknesses. First, it was a single-
center study; a cross-cultural adaptation of the SHEDS into
other languages and determination of its clinometric prop-
erties should be conducted before it can be used worldwide.
Second, anchor-based analysis methods could be applied for
responsiveness if suitable external anchors were identified.
Third, the etiologies of elbow stiffness include trauma, sy-
novitis, primary osteoarthritis, and congenital anomalies,

whereas the vast majority of our patients (97%) had post-
traumatic elbow stiffness.

Conclusions

On the basis of the present data, our results suggest that the
newly developed SHEDS may prove to be an excellent, com-
prehensive, valid scoring system to evaluate joint function
in patients with elbow stiffness. Further research with a larger
population, from multiple clinical centers, with multiple eti-
ologies, and using different external anchors in a prospective
way is required. In addition, the applicability of the SHEDS
to other elbow surgical procedures such as open reduction
and internal fixation, arthroplasty, and joint replacement could
be validated in the future.
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