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Introduction

Thumb carpometacarpal (CMC) osteoarthritis is a common 
disorder with a reported prevalence of 5.8% of males and 
7.3% of females over 50 years old.1 Carpometacarpal 
arthroplasty is an established, effective procedure for the 
treatment of basilar thumb joint arthritis.2 While most 
patients have good clinical outcomes, it is reported that up 
to 30% of patients describe continued thumb pain and/or 
instability postoperatively; this may be attributed to a vari-
ety of confounders, including proximal metacarpal subsid-
ence, method of arthroplasty, untreated concomitant thumb 
metacarpophalangeal (MCP) joint hyperextension, or sca-

photrapezoid joint arthritis.3,4 It is challenging, however, to 
generalize these results, as patient demographics, bone 
quality, and operative techniques may be highly varied 
between each CMC arthroplasty procedure.5,6 Controlling 
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Abstract
Background: The Orthopaedic Minimal Data Set (OrthoMiDaS) Episode of care (OME) is a prospectively 
collected database enabling capture of patient and surgeon-reported data in a more efficient, comprehensive, 
and dependable manner than electronic medical record (EMR) review. We aimed to assess and validate the OME 
as a data capture tool for carpometacarpal (CMC) arthroplasty compared to traditional EMR-based review. 
Specifically, we aimed to: (1) compare the completeness of the OME versus EMR data; and (2) evaluate the 
extent of agreement between the OME and EMR data-based datasets for carpometacarpal (CMC) arthroplasty. 
Methods: The first 100 thumb CMC arthroplasties after OME inception (Febuary, 2015) were included. Blinded 
EMR-based review of the same cases was performedfor 48 perioperative variables and compared to their OME-
sourced counterparts. Outcomes included completion rates and agreement measures in OME versus EMR-
based control datasets. Results: The OME demonstrated superior completion rates compared to EMR-based 
retrospective review. There was high agreement between both datasets where 75.6% (34/45) had an agreement 
proportion of >0.90% and 82.2% (37/45) had an agreement proportion of >0.80. Over 40% of the variables 
had almost perfect to substantial agreement (κ > 0.60). Among the 6 variables demonstrating poor agreement, 
the surgeon-inputted OME values were more accurate than the EMR-based review control. Conclusions: 
This study validates the use of the OME for CMC arthroplasty by illustrating that it is reliably able to match 
or supersede traditional chart review for data collection; thereby offering a high-quality tool for future CMC 
arthroplasty studies.
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for these variations is challenging, and would require 
extensive datasets with accurate and reliable reporting on 
granular outcomes, a function not afforded by nationally 
representative datasets or insurance claims databases.

Large institutional databases have sought to provide 
sources for granular intra/perioperative details necessary to 
define operative success drivers after CMC arthroplasty.7,8 
These datasets, however, are limited by their dependence on 
electronic medical record (EMR) and operative note review, 
which are prone to reviewer error, incomplete data report-
ing, inter-reviewer variability in finding interpretation, and 
inherently retrospective in nature.9-11 Moreover, these data 
sources often do not record any measurements of patient or 
surgical quality, which will likely be crucial for future reim-
bursement metrics.12 To meet the demand for accurate and 
reliable data capture, the Orthopaedic Minimal Data Set 
(OrthoMiDaS) Episode of care (OME) was developed as a 
continually updating prospective institutional data collec-
tion system.9-11 This prospectively created cohort database 
enables the capture of patient and surgeon-reported data in 
a more efficient, comprehensive, and dependable manner 
than EMR or operative report review. While this system has 
been previously validated for lower extremity arthroplasty, 
upper extremity arthroscopy, and rotator cuff repair, it has 
yet to be validated for CMC arthroplasty data capture.9-11,13

This investigation aimed to assess the OME as a data 
capture tool for CMC arthroplasty compared to traditional 
EMR-based chart and operative note review. Specifically, 
we aimed to: (1) compare the completeness of the OME 
versus EMR data; and (2) evaluate the extent of agreement 
between the OME and EMR data-based datasets for CMC 
arthroplasty.

Methods

OME System Design

The OME system was established by an integrated team of 
multi-professionals, including orthopaedic providers, soft-
ware developers, data analysts, database managers, and 
administrators.9-11,13 The OME system leverages the 
Research Electronic Data Capture (REDCap) system as a 
platform to allow for continuous prospective collection of 
clinically relevant data from surgical episodes in a cost-
effective, valid, and scalable manner that can be incorpo-
rated into an existing workflow.14,15 The OME data 
collection system captures baseline patient determinants, 
including demographics and comorbidities, surgeon-entered 
procedural data from the surgical event, and patient-reported 
outcome measures (PROMs). This system has become our 
healthcare system’s standard of care for all elective knee, 
hip, shoulder, and hand surgeries.9-11,13,16-20

Patient baseline determinants and PROMs are input 
preoperatively through a tablet device provided to the 

patient on the day of surgery. In addition, a restricted link 
specific to the surgical episode is emailed to the surgeon 
on the day of surgery. Such links contain standardized 
surgeon-directed questionnaires that record peri- and 
intra-operative details entered prospectively by each sur-
geon within 48 hours of concluding the surgical proce-
dure. These questionnaires are automatically generated 
for each surgical episode and exported to a continuously 
updated REDCap-based master database. Surgeons can 
complete the questionnaires using a variety of platforms, 
including their institutional smartphones, tablets, or com-
puters (Figure 1). Captured data include past surgical his-
tories, findings from examinations under anesthesia, 
intraoperative parameters, and key predictors of operative 
outcomes for the surgical episode. A built-in branching 
logic facilitates data collection by displaying only sur-
gery-specific fields, avoiding question prompts irrelevant 
to the performed procedure. In addition, OME forms can-
not be submitted before completion, ensuring maximal 
capture of relevant data in a timely fashion.

Patient Selection

Institutional review board was obtained prior to initiation of 
the current investigation. The first 100 patients since the 
OME database initiation on February 18, 2015, who under-
went unilateral CMC joint arthroplasty were included. This 
patient pool was compiled by capturing surgeries performed 
by the 9 orthopaedic surgeons invited to the platform at a 
single academic healthcare system.

Data Collection and Validation

Perioperative data and intraoperative details for the initial 
100 cases prospectively captured by OME were extracted 
from the continuously updating master dataset. Captured 
data points were subsequently compared to an EMR control 
dataset obtained through a retrospective chart review of the 
included 100 surgical episodes. Data collection for the 
EMR-based control dataset was done retrospectively via a 
thorough review of the narrative operative reports and 
implant logs recorded in the institutional EMR system 
(EPIC [Epic Systems, Verona, Winconsin]). EMR data col-
lection was conducted by 2 independent blinded reviewers 
who were not involved in prospective OME data recording. 
A third blinded reviewer conducted a subsequent evaluation 
of the retrospectively collected data for instances of dis-
agreement or dissimilarity between the 2 reviewers.

Outcome Measures and Data Handling

The primary outcome was data completeness and concor-
dance between the OME and the EMR-based control datas-
ets (Online Appendix 1). The OME versus EMR variable 
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completion, and OME versus EMR distinct values (cap-
tured only in the OME dataset or the EMR control dataset) 
were recorded for each variable. Distinct values were 
recorded via estimating the number of nonmissing distinct 
levels/categories used for each variable.

The OME data were handled to obtain an analyzable 
dataset. This was done by reordering while maintaining 
case-specific laterality and the branching logic variables’ 
net outcomes (ie, any data elements that would be filled by 
the surgeon in the form of checkboxes and expandable 
fields were converted into categorical variables within an 
analyzable dataset). Unmarked variables were then 

transmuted to either “No” or “Missing” as appropriate 
using a variable-specific conversion algorithm.

Statistical Analysis

Completion rates for data entry were compared between 
the OME- and EMR-based control datasets. This compari-
son implemented the McNemar test with continuity correc-
tion. Whenever completion rates for a particular variable 
were 100%, McNemar’s test was not implemented (a mini-
mum of 2-levels per variable are required for test imple-
mentation). For each of the evaluated variables, agreement 

Figure 1. Example primary forms of branching smart-phone orthopaedic minimal data set episode of care collection system.
Note. CMC = carpometacarpal; OA = osteoarthritis; CSI = corticosteroid injection; MP = metacarpophalangeal.
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proportions were estimated by dividing the number of 
cases where the OME and control datasets agreed by the 
total number of cases. Numeric variables’ agreement was 
evaluated using the concordance correlation coefficient 
(CCC). The subsequent agreement strength was assessed 
as demonstrated by McBride21 (<0.90: poor agreement; 
0.90-0.95: moderate agreement; 0.95-0.99: substantial 
agreement; and >0.99: almost perfect agreement). 
Unweighted and quadratically weighted kappa statistics 
(κ) were calculated for binary/nominal and ordinal vari-
ables, respectively. The same “penalty” was assigned for 
any mismatch in category placement (ie, any mismatch 
between variables was assigned the same penalty regard-
less of their values). Mismatches in ordinal data that 
involved levels that are closer hierarchically were penal-
ized less than those with a greater hierarchal difference. Of 
note, calculating κ was not feasible for variables that 
exhibited < 2 levels. The κ statistics represented a chance-
corrected agreement measure whose strength was reported 
according to the parameters described by Landis and 
Koch22 (<0.00: poor agreement; 0.00-0.20: slight agree-
ment; 0.21-0.40: fair agreement; 0.41-0.60: moderate 
agreement; 0.61-0.80: substantial agreement; and 0.81-
1.00: almost perfect agreement). All analyses were per-
formed using R software (R version 3.2.3; Vienna, Austria).

Results

Variable Completion Rate

The OME consistently demonstrated similar or better com-
pletion rates compared to the EMR-based control dataset 
for all captured variables (48/48; Online Appendix 1). Spe-
cifically, the OME dataset exhibited identical completion 
rates to the EMR control (ie, equal number of completed 
records in both cohorts and a P-value = 1) in 68.8% (33/48) 
of variables and statistically equivalent completion rates 
(ie, unequal number of completed records but difference not 
statistically significant; .05 < P-value < 1.0) in 27.1% 
(13/48) of all captured variables. The OME dataset had sig-
nificantly higher completion rates in designating anesthetic 

type as a local anesthetic tourniquet (P = .023) and was the 
only source of reporting the use of Bier Blocks (Online 
Appendix 1).

Variable Agreement Proportion

After exclusion of variables almost exclusively reported in 
the OME dataset (n = 2) or not reported in either cohort (n 
= 1), data point matching between the OME and Control 
datasets demonstrated that 75.6% (34/45) had an agreement 
proportion of > 0.90% and 82.2% (37/45) had an agree-
ment proportion of > 0.80 (Table 1). Variables exclusively 
reported in OME were not amenable for formal agreement 
evaluation due to unilateral reporting. If such OME-specific 
datapoints were accounted for as perfect agreement vari-
ables, the OME dataset would demonstrate 76.6% (36/47) 
and 83.0 (39/47) agreement rates above the 0.9 and 0.8 
thresholds, respectively.

Variable Agreement Measure

Of the 48 variables, 13 datapoints demonstrated only one 
distinct level or no comparable records were available; 
therefore, agreement measure estimation was not feasible. 
In all, 35 variables were analyzed for agreement measure. 
In all, 40.0% (14/35) had perfect to substantial agreement, 
and 34.3% (12/35) exhibited moderate to fair agreement 
(Table 2). Six variables demonstrated poor agreement; how-
ever, the OME descriptors were expressed more accurately 
than their corresponding values in the control dataset, which 
was based on the EMR reviewer’s interpretation (Online 
Appendix 1).

Time to Form Completion

Mean time required for individual form completion by the 
attending surgeon was 186.8 ± 178.5 seconds.

Discussion

The manual chart review or automated/machine learning-
based retrospective data extraction from patients’ EMR has 
been the long-standing “gold standard” for database compi-
lation.23-25 This method, however, has been associated with 
marked limitations, including inter-reviewer variability, 
human error, coding errors, machine learning inaccuracies, 
inappropriate time-point estimation, and high cost in addi-
tion to labor-intensiveness.26,27 Furthermore, EMR review 
cannot accommodate large institutional prospective cohorts 
that require continuous enrollment, review, and datapoint 
update. The current investigation highlighted the validity of 
the OME as a prospective data collection system. This pro-
spective institution-wide data collection system leverages 
smartphone/tablet technologies to ensure prompt, rapid (~3 

Table 1. Percent of Variables Within Each Category of 
Agreement Proportion Between Orthopaedic Minimal Data Set 
Episode of Care and Electronic Medical Record Datasets.

Agreement 
proportion

Number of variables
(N = 45) %

0.0-0.2 0 0.0
0.21-0.4 0 0.0
0.41-0.6 2 4.4
0.61-0.8 6 12.5
0.81-1.0 37 82.2
N/A 3
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minutes per form) data point entry after each surgical inter-
vention with completion rates that are equivalent to those 
captured through retrospective chart review across all eval-
uated variables. The majority of captured variables had sub-
stantial to perfect agreement compared to the values 
inputted through retrospective chart review. Furthermore, 
all OME datapoints were directly inputted in the immediate 
postoperative period by the operating surgeon (i.e., first 
person reporting) as opposed to researcher-dependent chart 
review which involves the researcher’s own interpretation 
of EMR-based variables (i.e., second or even third-person 
reporting). As such, our findings demonstrate the validity 
and accuracy of the OME. As the OME is a continuously 
updating prospective data collection system as opposed to 
the labor-intensive and costly chart review method, its high 
level of agreement substantiates its claim as a valid data 
collection tool.

The findings of the present study should be interpreted in 
the context of its limitations. Captured variables include 
peri- and intraoperative details inputted by surgeons in the 
immediate perioperative period. However, certain details 
including additional intraoperative procedures such as asso-
ciated ganglion excisions, Guyon canal decompressions, 
scapholunate treatments, synovial biopsies, trigger finger 
releases, and z-platies were not evaluated in the present 
investigation. Data collection errors pose a risk to any sys-
tem including the OME. As OME data input is performed 
by fellowship trained orthopaedic surgeons within the 
immediate postoperative period, we expect their primary 
input to be more accurate than secondary collectors. The 
OME’s branching logic implemented in data collection pro-
motes ease of interaction and timely data collection. How-
ever, such design may introduce potential for missed unique 
events which may not fit the branching logic’s flow. Finally, 
the present study did not provide cost-related data to evalu-
ate the expenses involved in managing this prospective data 
collection system. However, the system leverages REDCap 
for data input and storage, which is the standard system-
wide data storage system for all research activity. Further-
more, apart from costs associated with conceptualization 
and initiation of the system, minimal maintenance cost are 

required which are predominantly directed to database ana-
lysts’ salaries. Despite such limitations, the present pro-
spective data collection system affords granular and reliable 
data capture which surpasses traditional EMR-based retro-
spective data collection.

In a recent investigation by Mohr et al,17 the authors 
assessed completion and agreement rates among the initial 
100 arthroscopic interventions for shoulder instability cap-
tured by the OME system versus an EMR-based control 
dataset. The OME exhibited equivalent or superior comple-
tion rates in 36 of the 37 assessed datapoints and had an 
agreement proportion that surpassed 0.90 in approximately 
76% of captured variables. In addition, the authors found 
that the time needed for completing data input postopera-
tively did not impede surgeons’ workflow with a median 
requirement of 103.5 seconds for form completion. In 
another investigation, Sahoo et al9 evaluated the OME’s 
utility in capturing rotator cuff repair surgery data points. 
The authors found that the OME dataset had higher data 
counts for 25% (10/40) of variables when compared to an 
EMR-based control. Furthermore, the authors reported high 
levels of proportional and statistical agreement: 17% of 
variables demonstrated perfect agreement and 37% had 
almost perfect concordance. The current study’s findings 
fall in line with those reported by previous OME validation 
analyses and indicate that the OME dataset can be reliably 
used in assessing peri/intraoperative details for CMC 
arthroplasty recipients.9-11,13,16-20

While the current analysis is the first to highlight the 
validity of the OME as data collection tool in capturing 
CMC arthroplasty peri- and intraoperative variables, sev-
eral prior investigations have evaluated the OME’s utility 
for a variety of surgical interventions.9-11,13,16-20 Further-
more, the OME has been subsequently leveraged as a data 
source for an increasing number of contemporary investiga-
tions, especially in lower extremity total joint arthro-
plasty.10,28,29 One investigation assessed the utility of OME 
in primary total hip arthroplasty through a comparison 
between an OME-obtained prospective cohort versus an 
EMR-based control.11 The authors found that the OME 
dataset exhibited consistently higher completion rates in 

Table 2. Percent of Variables Within Each Category of Agreement Measure Between Orthopaedic Minimal Data Set Episode of Care 
and Electronic Medical Record Datasets.

Agreement 
measure (κ) Interpretation

Included in agreement analysis
(N = 35) %

<0.00 Poor agreement 6 17.1
0.00-0.20 Slight agreement 3 8.6
0.21-0.40 Fair agreement 6 17.1
0.41-0.60 Moderate agreement 6 17.1
0.61-0.80 Substantial agreement 8 22.9
0.81-1.00 Almost perfect agreement 6 17.1
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41% of the evaluated variables in addition to having agree-
ment proportions that surpassed 0.90 and 0.80 for 54% and 
79% of the collected data points, respectively. In another 
investigation validating the use of OME for data collection 
of primary total knee arthroplasty perioperative details, 
Ramanathan et al10 described almost perfect overall agree-
ment measure (0.916 ± 0.152) for the data collection sys-
tem compared to an EMR-based dataset.

The OME system provides a valid point of care data col-
lection modality for reliable documentation of peri- and 
intraoperative details of CMC arthroplasty. This prospec-
tive data collection tool is an efficient and accurate alterna-
tive to traditional EMR review. The granularity provided by 
the OME coupled with its prospective design allows for 
conducting reliable subgroup analyses and evaluating 
patient- and surgeon-specific quality factors driving out-
comes. Such an advantage is afforded without marked com-
promise to providers’ time or additional expenses and with 
minimal need for manpower. Implementing similar systems 
across various institutions may hold potential in promoting 
musculoskeletal research.
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