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(SD = 1.2) out of 8 possible points. Most studies adequately reported reasons for revisions (98%) and prosthesis
brand and fixation (95%) in sufficient detail. Only 3% of studies adequately reported the number of patients un-
willing to participate, 15% stated a clear primary research question or hypothesis, 11% reported a worst-case anal-
ysis or competing risk analysis for endpoints, and 42% reported more than 5% of patients were lost to follow-up.
There is significant room for improvement in the reporting and methodology of lower limb arthroplasty obser-
vational studies. Level of evidence: Level IIl.

© 2015 Elsevier Inc. All rights reserved.

Proper clinical research methodology with complete and transpar-
ent reporting is required to ensure validity and to allow for the applica-
bility of findings. For example, numerous studies have shown that
results from lower quality studies may potentially exaggerate treatment
effects [1-5]. Assessments of the quality of meta-analyses in the ortho-
pedic literature have found that up to half of these studies have exten-
sive or major flaws in methodology and that up to 43% demonstrate
poor quality reporting [6,7]. Study quality should be assessed by metic-
ulous, critical analysis on a study-by-study basis of numerous factors.
Even relying on well-established external assessment tools such as
levels of evidence may be misleading as a high level of evidence does
not guarantee high-quality research nor does it guarantee the transpar-
ency or completeness of reporting of clinical research [8-10].

Numerous checklists and assessment tools are available for evaluating
study methodology and reporting [11]. However many of them are de-
signed for evaluating meta-analyses and randomized controlled trials
(RCTs) and are not specific to subdisciplines such as orthopedic surgery.
Surveyed orthopedic surgeons mentioned observational studies as being
second only to personal experience as their source of evidence for clinical
decision-making [12]. Checklists such as the STROBE statement are useful
for evaluating the reporting quality of observational studies, however nei-
ther this checklist, nor any other checklist, addresses methodological
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quality for cohort studies [13]. Despite clear guidelines for how to use
the STROBE statement, it is often used inappropriately to assess methodo-
logical quality [14]. A thorough assessment of reporting (which addresses
the written content of a manuscript/report) and methodology/risk of bias
(which addresses aspects of the study design and implementation) is nec-
essary when critically evaluating the overall quality of a study.

The assessment of quality in lower limb arthroplasty (AQUILA) checklist
was created through three cycles of an international Delphi panel of 37 ex-
perts (of 17 nationalities across 5 continents) in the fields of hip surgery,
knee surgery, and epidemiology. Its purpose is to assess the methodology,
reporting, and generalizability of case series and cohort studies in the total
hip and total knee arthroplasty literature [15]. As the Delphi approach is an
accepted research method for forming consensus among experts, a checklist
designed using this approach has immediate content and face validity [16].
While primarily designed to investigate revision rate for aseptic loosening
in total hip arthroplasty (THA) and total knee arthroplasty (TKA), the authors
sought to create a checklist that was useful for case series and cohort studies
with other endpoints (Fig. 1). The AQUILA checklist has been used previously
to assess the quality of lower limb arthroplasty studies or to inform the meth-
odology of lower limb arthroplasty systematic reviews [17-22].

While the reporting and methodological flaws among higher levels of
evidence (RCTs) have been well studied, given the aforementioned sur-
geon reliance on observation studies for clinical decision-making, we be-
lieve that it is important to evaluate this issue for these studies as well.
The purpose of our study was to use this AQUILA checklist to assess the
reporting and methodological quality of lower limb arthroplasty observa-
tional studies from 2010 through 2011. We hypothesize that there is a
high rate of reporting and methodological flaws in lower limb
arthroplasty observational studies.
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Reporting Quality Item

1. Are the inclusion and exclusion criteria clearly reported?

2. Isinformation regarding the number of patients who did not give informed
consent or who were not willing to participate adequately reported?
Are the baseline characteristics of included patients reported?
Is the surgical technique adequately reported?
Are the prosthesis brand and fixation reported with enough detail?
Are the reasons or definitions for revision adequately reported?
Are the number of revisions (N) and revision rates regarding aseptic loosening
(either Kaplan-Meier or life table or revisions per 100 observed component
years) adequately reported?
Are the number of deaths, lost-to-follow-up (e.g., no show at clinic or
emigration), amputations, and revisions other than the primary endpoint
adequately reported?

Nousw

Methodological Quality Item
1. Isthere a clear primary research question/hypothesis?®
2. How were the cohorts constructed?
a. Consecutively®
b. Non-consecutively
c.  Unknown

3. How adequate was the follow-up (FU)?
a. Fully completed FU
b. 5% or less lost-to-FU or FU quotient®is 1 or less
c.  More than 5% lost-to-FU or FU quotient is more than 1
d. Unknown
4. How was the FU performed?
a. Predefined, e.g., yearly
b. When patients had complaints or chart review (of non-predefined FU)
c.  Unknown
5. How many arthroplasties are at risk at the FU of interest?
a. 20ormore
b. Lessthan 20
c.  Unknown

6. Has a worst case analysis or competing risk analysis for competing endpoints
been performed?

In cases of aseptic loosening: Does the research question or hypothesis include
revision of the component due to aseptic loosening?

® Consecutively is defined as all patients receiving an arthroplasty (TKA or THA) in a
defined period of time have also received the arthroplasty of interest. The
following situation is therefore non-consecutive: patients receiving prosthesis X
while prosthesis Y has also been used for the same indication during the specified
period.

FU quotient = Number lost to follow-up/number of failures.

Fig. 1. The assessment of quality in lower limb arthroplasty (AQUILA) checklist.

Materials and Methods

Investigators identified the top seven journals in orthopedic surgery
relative to their impact factor from the Thomson Reuters 2012 Journal
Citation Reports [23]. Included journals were Acta Orthopaedica
(AOS); BMC Musculoskeletal Disorders (BMC); Clinical Orthopaedics
and Related Research (CORR); Journal of Bone and Joint Surgery

Table 1
Baseline Descriptive Statistics for All Studies by Journal, Year, and Type of Arthroplasty.
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(JBJS); Journal of Bone and Joint Surgery—British Volume (JBJS (Br));
Journal of Arthroplasty (JOA); and Knee Surgery, Sports Traumatology,
Arthroscopy (KSSTA). Studies included in our analysis were case series
and cohort studies including male and female patients undergoing
THA or TKA for degenerative disease processes, including inflammatory
conditions, and reporting outcomes related to arthroplasty revision for
any reason. To reduce heterogeneity, studies were excluded from anal-
ysis if they included patients undergoing total hip or knee arthroplasty
after acute traumatic injuries. Two individuals (JC and RM) with exper-
tise in orthopedics searched all issues of all journals published in 2010
and 2011, separately and independently applying the inclusion and ex-
clusion criteria above, and met to discuss the inclusions. A third party
(JG or BP) was consulted to resolve disagreements. Next, the two inves-
tigators (JC and RM) independently and separately applied the AQUILA
checklist to all included papers. All items were scored using the AQUILA
methods [15]. The investigators then compared their results and any
differences in the scoring of items were discussed and resolved by con-
sensus. A third party (JG or BP), with expertise in both research method-
ology and reporting, was consulted to resolve disagreements. Regarding
reproducibility, we calculated the interclass correlation coefficient (ICC)
for inter-rater reproducibility of the two raters who had not previously
used the AQUILA checklist and who were not involved with the devel-
opment of the AQUILA. The ceiling effect for both the reporting and
methodological score was also calculated and defined as the percentage
of studies that reached the maximum score [24].

We calculated summed reporting quality item scores across articles
of each journal and across journals. We also summarized the methodo-
logical quality items by summing the total number of ratings for each
level of the categorical items within and across journals.

We performed linear regression with the reporting quality score as
the dependent variable and year of publication, journal, and type of
arthroplasty (THA versus TKA) as predictor variables. Significance was
setat P = 0.10.

The reporting of this systematic review is in accordance with the
PRISMA (preferred reporting items for systematic reviews and meta-
analyses) statement [25].

Results

A total of 132 observational studies met the aforementioned inclu-
sion criteria and were subsequently reviewed. Baseline descriptive sta-
tistics are found in Table 1. The average number of arthroplasties per
study was 281 (median 101.5, SD = 728). Continents where included
studies were conducted are found in Table 2.

% of Joints in % of Joints for

Total Number of Joints Female Patients Primary OA Mean Age
Number of Studies Mean Median SD Mean SD Mean SD Mean SD

Journal

AOS 4 285 179 326 58 4 23 23 56.5 11

BMC 4 380 214.5 473 52 44 37 53 61.3 9.7

CORR 23 241 101 477 54 19 43 41 49.6 123

JBJS 18 588 101 1451 54 26 54 42 54 125

JBJS (Br) 29 347 129 909 59 20 56 37 55.4 14.2

JOA 49 149 98 183 62 21 55 41 58.2 104

KSSTA 5 187 181 161 82 10 83 13 68.2 3.8

All journals 132 281 101.5 728 59 22 53 39 55.9 123
Year

2010 76 273 103 660 58 20 52 39 54.7 13.5

2011 56 292 100 817 61 25 54 41 57.6 103
Type of arthroplasty

THA 97 249 100 597 55 22 42 38 52.6 119

TKA 35 370 133 1012 70 16 83 23 65.9 7.1

AOS, Acta Orthopaedica; BMC, BMC Musculoskeletal Disorders; CORR, Clinical Orthopaedics and Related Research; JBJS, Journal of Bone and Joint Surgery; JBJS Br, Journal of Bone and Joint
Surgery—British Volume; JOA, Journal of Arthroplasty; KSSTA, Knee Surgery, Sports Traumatology, Arthroscopy.
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Table 2
Continents Where Studies Were Conducted by Journal, Year, and Type of Arthroplasty.

Continent of Study

Number of Studies North America South America Europe Asia Africa Australia

Journal

AOS 4 0 0 3 1 0 0

BMC 4 1 0 2 1 0 0

CORR 23 12 0 9 2 0 0

JBJS 18 7 0 9 2 0 0

JBJS (Br) 29 2 0 22 5 0 0

JOA 49 20 0 7 18 0 4

KSSTA 5 0 0 2 3 0 0

All journals 132 42 0 54 32 0 4
Year

2010 76 23 0 36 14 0 3

2011 56 19 0 18 18 0 1
Type of arthroplasty

THA 97 25 0 47 23 0 2

TKA 35 17 0 7 9 0 2

AOS, Acta Orthopaedica; BMC, BMC Musculoskeletal Disorders; CORR, Clinical Orthopaedics and Related Research; JBJS, Journal of Bone and Joint Surgery; JBJS Br, Journal of Bone and Joint
Surgery—British Volume; JOA, Journal of Arthroplasty; KSSTA, Knee Surgery, Sports Traumatology, Arthroscopy.

The reproducibility for inter-observer agreement of the two raters
was excellent for reporting quality, with an ICC of 0.87 (95% CI
0.82-0.91), and excellent for methodological quality, with an ICC of
0.95 (95% CI 0.93-0.97). The ceiling effect was 1.5% for the reporting
score (2/132 studies reached the maximum score) and 0% for the meth-
odological score (no papers reached the maximum score).

Table 3 includes the average reporting quality scores organized by
journal, year, and type of arthroplasty. There was no significant differ-
ence in average reporting quality score among journals of publication
(P = 0.575), although CORR articles had the highest average reporting
quality score while BMC articles had the lowest average reporting qual-
ity score. There was no significant difference in average reporting qual-
ity score between years of publication within journals (P = 0.539) or
between THA and TKA (P = 0.301).

Table 4 summarizes the number of studies that adequately reported
each “reporting quality item” of the AQUILA checklist. Nearly 98% (123/
126) of studies that addressed revision surgery adequately reported
reasons or definitions for revisions. Ninety-five percent (125/132) of
studies adequately reported prosthesis brand and fixation in enough de-
tail to be replicated. However, only 3% (4/132) of studies included ade-
quate information regarding the number of patients who did not give
informed consent or were not willing to participate in the study.

Table 3
AQUILA Checklist Mean Reporting Quality Scores.

Reporting Quality

A summary of the methodology ratings is found in Table 5. Most
studies enrolled subjects consecutively (52%) and had predefined
follow-up appointments (66%). Notably, only approximately 15% (20/
132) of studies clearly stated a primary research question or hypothesis
and only approximately 11% (15/132) of studies reported a worst-case
analysis or competing risk analysis for their endpoints. Three studies
(2.3%) had unknown cohort construction, unknown loss to follow-up,
and unknown information about how follow-up was performed
("methodological quality items" 2-4). Lastly, 42% (55/132) of studies
reported more than 5% of patients were lost to follow-up.

Discussion

The AQUILA checklist was created to assess the methodology,
reporting, and generalizability of case series and cohort studies in the
total hip and total knee arthroplasty literature. Using this checklist, we
evaluated observational studies from 2010 and 2011 in seven orthope-
dic journals, finding no significant difference in reporting quality items
among journals or between years of publication or type of arthroplasty.
However, a number of salient findings were identified regarding
reporting quality and methodology.

With respect to the quality of reporting, the majority of articles
reviewed did not adequately report inclusion and exclusion criteria
and very few articles reported the number of patients who did not

Table 4
Number of Studies With Adequate Reporting Quality by Item.

Number of Studies Mean Score Standard Deviation

Journal

AOS 4 5.0 1.8

BMC 4 4.8 13

CORR 23 5.7 1.2

JBJS 18 5.6 1.0

JBJS (Br) 29 5.1 1.2

JOA 49 54 1.2

KSSTA 5 5.6 0.9

All journals 132 54 1.2
Year

2010 76 5.4 1.2

2011 56 53 1.1
Type of arthroplasty

THA 97 54 13

TKA 35 55 0.8

AOS, Acta Orthopaedica; BMC, BMC Musculoskeletal Disorders; CORR, Clinical Orthopae-
dics and Related Research; JBJS, Journal of Bone and Joint Surgery; JBJS Br, Journal of
Bone and Joint Surgery—British Volume; JOA, Journal of Arthroplasty; KSSTA, Knee Sur-
gery, Sports Traumatology, Arthroscopy.

Number of Studies with

Reporting Quality Items Adequate Reporting (%)

1. Are the inclusion and exclusion criteria clearly 48 (36%)
reported?

2. Is information regarding the number of patients 4 (3%)
who did not give informed consent and who
were not willing to participate adequately reported?

3. Are the baseline characteristics of included patients 117 (89%)
reported?

4. Is the surgical technique adequately reported? 94 (71%)

5. Are the prosthesis brand and fixation reported with
enough detail?

6. Are the reasons or definitions for revision
adequately reported?

125 (95%)

123 (98%)

7.Is the number of revisions and revision rates 91 (69%)
regarding aseptic loosening adequately reported?
8. Is the number of deaths, lost-to-follow-up, 110 (83%)

amputations, and revisions other than the primary
endpoint adequately reported?

* This item was applicable to 126 of 132 studies.
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Table 5
Number of Studies With Adequate Methodological Quality by Items.

Number of Studies
with Adequate Reporting (%)

20 (15%)

Methodological Quality Items

1. Is there a clear primary research
question/hypothesis?

2. How were the cohorts constructed?
A. Consecutively
B. Non-consecutively

A. 69 (52%)
B. 12 (9%)

C. Unknown C. 51 (39%)
3. How adequate was the follow-up (FU)?

A. Fully completed FU A. 26 (20%)

B. <5% lost-to-FU or FU quotient is <1 B. 30 (23%)

C. >5% lost-to-FU or FU quotient is >1 C.55 (42%)

D. Unknown D. 21 (16%)
4. How was the follow-up performed?

A. Predefined (e.g., yearly) A. 87 (66%)

B. When patients had complaints or chart B. 15 (11%)

review (of non-predefined FU)

C. Unknown C. 30 (23%)
5. How many arthroplasties are at risk at the

FU of interest?

A.>20 A. 124 (94%)

B.<20 B. 8 (6%)

C. Unknown C.0(0%)
6. Has a worst-case analysis or competing risk 15 (11%)

analysis for competing endpoints been

performed?

give informed consent or were not willing to participate in the study.
This prevents readers from determining the internal and external valid-
ity of these studies, as well as whether selection bias may have affected
results. Furthermore, if such studies are subsequently included in future
systematic reviews, the results from these poor quality studies may be
perpetuated and assumed to be of higher quality than is correct. Regard-
ing this issue of informed consent (AQUILA Reporting Quality Item #2),
many of the observation studies we reviewed included patients who
were enrolled or whose data were collected prior to The Health Insur-
ance Portability and Accountability Act of 1996 (HIPPA). Prior to
HIPPA, certain types of retrospective, observational, and medical
records-based research did not require individual consent [26]. There-
fore while only 3% of studies adequately addressed this checklist item,
this may be at least partially due to differing standards for research
prior to 1996.

Most studies adequately report patient baseline characteristics, sur-
gical techniques, prosthesis brand and fixation, and the reasons or defi-
nitions for revision. The collection of baseline characteristics is crucial to
avoid confounding. Reporting this information, along with details re-
garding techniques and implants, also helps readers assess study gener-
alizability and applicability. Overall, out of 8 possible points, the mean
reporting quality score for all articles reviewed was 5.4 (SD = 1.2). Sub-
jective quality stratification (i.e., excellent, good, fair, poor) based on nu-
merical score has not been established for the AQUILA checklist.

Regarding methodological quality, a surprisingly small number of
reviewed studies stated a clear primary research question or hypothesis.
As statistical power may differ with different hypotheses, without this
information, the adequacy of a study's power or what the study is
powered to detect cannot be fully assessed. In other words, one cannot
critically appraise the internal validity or results of a study without first
knowing what question that study is attempting to answer. Most stud-
ies also did not include a worst case analysis or competing risk analysis
for competing endpoints. This is important as such an omission may af-
fect the reliability and applicability of results. For example, ignoring
competing risks may lead to biased estimations of the probability of re-
vision surgery, as one study found the Kaplan-Meier estimator to over-
estimate the probability of revision surgery up to 60% in case of
competing endpoints [27]. In general, poor methodology has been
shown to incorrectly estimate treatment effect and leave studies vulner-
able to biases that may have been otherwise avoidable [2,28,29].

The results of our study suggest that there are a number of short-
comings and great potential for improvement in the reporting quality
and methodological quality of lower limb arthroplasty observational
studies. Our findings are consistent with numerous studies in the ortho-
pedic literature that have reported evidence of suboptimal study meth-
odology and reporting [1,28,30-40]. Bhandari et al [34] found that
among seventy-two randomized trials published in The Journal of
Bone and Joint Surgery from 1988 through 2000, fewer than half dem-
onstrated adequate randomization concealment, blinding of outcome
assessors, or reporting of exclusion criteria. Another study showed
that RCTs in the orthopedic trauma literature adhered to only 32% +
29% of CONSORT checKklist items and that 88% of studies did not include
an adequate hypothesis or clinical objectives [33]. The CONSORT check-
list was also used by Montane et al [39] to show that 75% of RCTs focus-
ing on postoperative analgesia demonstrated poor quality reporting.
Similarly, one study found that among RCTs in the top five orthopedic
journals, only 49% of methodology criteria were fulfilled and 42% of
criteria could not be assessed due to poor reporting [41]. Herman et al
[35] found that only 35% of 274 randomized clinical trials employed
the intention-to-treat principle, and that only approximately 16% ad-
hered to the strict requirements of the principle. Karanicolas et al [36]
found that less than 10% of 171 RCTs reported using blinded outcome
assessors even though blinding may have been feasible by as many as
89-96% of non-patient-reported assessors. The authors also noted that
a high number of studies inadequately reported allocation concealment,
crossover of intervention groups, and issues regarding loss to follow-up.
In even the most powerful types of studies-systematic reviews and
meta-analyses—in the orthopedic journals with the greatest impact fac-
tors, both reporting quality and methodological quality were found to
be poor [42].

Limitations of this study should be noted. The AQUILA checklist was
created specifically to look at studies focusing on aseptic loosening and
arthroplasty revision rates. In the present study, we use the checklist to
assess arthroplasty observational studies looking at a variety of out-
comes and endpoints, including revision for any reason (i.e., aseptic
and septic). Other outcomes such as radiological failure and clinical fail-
ure (i.e., patient-reported outcome measures below certain value) are of
equally great importance, but revision for aseptic loosening was chosen
in the development of AQUILA because it highlights potential problems
such as competing risks or worst case analysis that may not be as obvi-
ous for other outcomes [43]. Regardless of the outcome or mode of fail-
ure considered, the mechanisms of potential selection bias are universal
[27,43,44]. Therefore it is paramount that the possibility of selection bias
is appraised in various phases of a study: hypothesis generating and
reporting, patient and cohort selection, follow-up, and statistical analy-
sis. The AQUILA methodological quality items address the possibility of
selection bias in each of these phases and add to previous studies that
have already established how to measure and define radiological failure
[45]. Regarding limitations due to the included studies themselves, the
mean and median numbers of arthroplasties per study were 281 and
101.5, respectively. This difference between the mean and the median
is due to the six largest studies (each of which had between 1055 and
6070 arthroplasties) skewing the median number of arthroplasties.
We also assessed observational studies published in only two calendar
years (2010 and 2011), thus our findings cannot be generalized across
other years. Nevertheless, the results provide a benchmark for contem-
porary reporting and methodological quality in orthopedic cohorts of
lower limb arthroplasty.

This study also has several notable strengths. A large number of
studies across a variety of journals were included in this analysis. Our
authors include individuals with advanced training in orthopedic sur-
gery and statistics, and affiliation with an epidemiology department,
the latter of which has been associated with higher quality studies
[34]. This study also assessed both reporting quality and methodological
quality, both of which are crucial for a thorough evaluation of any study.
The reproducibility of the AQUILA scores was excellent and the ceiling
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effect was very low. For comparison the Harris hip score has a ceiling ef-
fect of more than 50% [46]. These values indicate that reporting and
methodological quality in observational orthopedic studies can be sub-
stantially improved and underscore the validity of the AQUILA in mea-
suring observational study quality for lower extremity arthroplasty.

Other than the AQUILA checklist, we are not aware of a checklist that
addresses the methodological quality of observational studies in
arthroplasty studies. Other reporting tools such as STROBE are useful for
assessing the reporting quality of observational studies, but do not address
methodological quality. A systematic review by Sanderson et al [47] iden-
tified numerous tools for assessing methodology in observational studies.
This review found that most tools address selection methods (93%), mea-
surement of variables (86%), sources of bias (86%), confounding (78%), and
statistics (78%); however, unlike the AQUILA checklist, these tools were
not specifically designed for studies related to THA and TKA.

Lastly, while neither a weakness nor strength, it is important to consider
that different results or conclusions may have been obtained from evalua-
tors of varying levels of expertise. For example, general practice orthopedic
surgeons and fellowship-trained arthroplasty surgeons may have differing
opinions about whether a given item (surgical technique, for example) is
“adequately reported” according to the AQUILA checklist. In other words,
a surgeon with greater arthroplasty experience or training may find a
less-detailed description to be “adequate” as compared with a surgeon
with relatively less experience. These hypotheses remain to be tested.

Our results suggest that there is significant room for improvement in
the reporting and methodology of total hip and knee arthroplasty obser-
vational studies. Authors are encouraged to seek out and adhere to
guidelines for reporting and methodological quality. Journal editors
are encouraged to promote such guidelines, including articulation of a
clear primary research question or hypothesis, in their instructions to
authors. Journal editors and peer reviewers are ultimately responsible
for publication decisions and should hold authors to the highest stan-
dards of reporting and methodological quality. As observational studies
have a significant impact on the clinical decision making of orthopedic
surgeons, it is critical that they contain clear and thorough descriptions
such that their results and conclusions can be considered valid and ap-
plicable to decision making.
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