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Variability in the Assessment of Fracture-Healing
in Orthopaedic Trauma Studies
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Background: There is a lack of consensus among orthopaedic surgeons in the assessment of fracture-healing. We
conducted a systematic review of recent clinical studies of long-bone fracture care that were published in three major
orthopaedic journals to identify current definitions of fracture-healing.

Methods: MEDLINE and the computerized databases for The Journal of Bone and Joint Surgery (American Volume), The
Journal of Bone and Joint Surgery (British Volume), and the Journal of Orthopaedic Trauma were searched from January
1996 through December 2006 with use of title, abstract, keyword, and medical subject headings. Therapeutic clinical
studies of long-bone fractures of the appendicular skeleton in adults in which fracture-healing was assessed were
selected. Two reviewers independently identified articles and extracted data. Any disagreement was resolved by con-
sensus. We qualitatively and quantitatively summarized the definition of fracture union and the reliability of the as-
sessment of radiographic fracture-healing.

Results: One hundred and twenty-three studies proved to be eligible. Union was defined on the basis of a combination of
clinical and radiographic criteria in 62% of the studies, on the basis of radiographic criteria only in 37%, and on the basis of
clinical criteria only in 1%. Twelve different criteria were used to define fracture union clinically, and the most common
criterion was the absence of pain or tenderness at the fracture site during weight-bearing. In studies involving the use of
plain radiographs, eleven different criteria were used to define fracture union, and the most common criterion was bridging
of the fracture site. A quantitative measure of the reliability of the radiographic assessment of fracture union was reported
in two studies.

Conclusions: We found a lack of consensus with regard to the definition of fracture-healing in the current orthopaedic
literature. Without valid and reliable clinical or radiographic measures of union, the interpretation of fracture care studies
remains difficult.

million fractures, and as many as 10% will go on to

nonunion'. Trauma is a major cause of disability in the
United States, with fractures being a leading contributor to
hospital costs and lost productivity in the workplace®. Despite
advances in treatment, the determination of when a fracture
has healed remains subjective, constituting a dilemma for the
orthopaedic surgeon.

The precise assessment of fracture union not only is
clinically important but also is fundamental to clinical fracture-

E ach year in the United States, there are an estimated six

repair research. The effectiveness of both standard and novel
fracture-healing therapies is fundamentally based on the dem-
onstration of improved fracture-healing. A lack of valid or re-
liable measures to assess fracture-healing limits the integrity of
such studies. In addition, the use of inconsistent criteria to assess
fracture-healing across studies further limits the generalizability
of their results.

Fracture-healing assessments have included serial physical
and radiographic examinations’, responses to weight-bearing
and to palpation’, manual assessments™, plain radiographic
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Journal’s computerized
database

VARIABILITY IN THE ASSESSMENT OF FRACTURE-HEALING IN
ORTHOPAEDIC TRAUMA STUDIES

Medline/ Pubmed

1,322 hits

226 relevant articles selected
for full text review

3 articles from manual
table of content search

106 articles excluded because
did not provide definition for
fracture union

123 articles included

Fig. 1
Flow diagram detailing literature search.

measures (such as cortical continuity, the presence of a fracture
line, and callus formation)’, and health-related quality-of-life
measures.

We conducted a systematic review of contemporary pub-
lished clinical outcomes studies pertaining to long-bone fracture-
healing in order to document (1) the current definitions being
used for fracture union of long bones in the orthopaedic trauma
literature and (2) quantitative or qualitative reliability reporting
for the radiographic assessment of fracture-healing.

Materials and Methods
Study Eligibility

ur objective was to identify therapeutic clinical studies of

long-bone fractures of the appendicular skeleton (specif-
ically, the femur, tibia, fibula, humerus, radius, and ulna) in
adults in which fracture-healing was an outcome. Several dif-
ferent types of studies were excluded: (1) studies specifically
investigating pathologic fractures, (2) cadaver studies, (3) ani-
mal studies, (4) case reports, and (5) studies of diagnostic ac-
curacy unless a fracture-repair intervention was also being
assessed. Two reviewers (S.M. and L.A.C.) independently as-
sessed studies for inclusion eligibility. When an article was
judged by a reviewer to be potentially eligible on the basis of the
title or abstract, the full text of the article was reviewed, and any
disagreement between the reviewers was resolved by consensus.

Search Strategy
We conducted a thorough search of MEDLINE and the com-
puterized electronic journal databases for articles published in

three major orthopaedic journals: The Journal of Bone and Joint
Surgery (American Volume), The Journal of Bone and Joint
Surgery (British Volume), and the Journal of Orthopaedic
Trauma from January 1996 through December 2006. We used
keyword, title, abstract and medical subject headings in our
search parameters. Finally, a manual table-of-contents search
was performed to seek additional articles.

Data Abstraction

Two reviewers (S.M. and L.A.C.) identified articles and ex-
tracted data, in parallel. The main information obtained from
the articles included the definition used for fracture union and
the reporting of the reliability of the assessment of radiographic
fracture-healing. The type of fracture care (primary fracture
care, nonunion fracture care, or periprosthetic fracture care),
the distribution of fractures, the outcome assessor (i.e., ortho-
paedic surgeon, radiologist, or resident), and outcome assessor
blinding were also recorded.

Study Quality Assessments

In studies in which blinding of the outcome assessor was not
reported, we determined if blinding would have been feasible on
the basis of study characteristics. For the clinical assessment of
fracture-healing, blinding of the observer was considered to be
possible unless hardware (such as an external fixator) was vis-
ible or was otherwise detectable on physical examination. For
the radiographic assessment of fracture-healing, blinding was
considered to be possible unless the treatment being studied
included the use of a prosthesis.
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The level of evidence for all included studies was de-
termined independently by each reviewer on the basis of the
level-of-evidence rating system® for articles in which the
level of evidence was not specified within the published
report.

Data Analysis

Data that were extracted from the studies were summarized in
detailed tables with use of Microsoft Word (Microsoft, Red-
mond, Washington), and a database was constructed with use
of Excel (Microsoft). Inter-rater reliability was calculated, ad-
justing for chance agreement with use of a weighted kappa
statistic. A kappa of 1 indicates perfect agreement between
observers, and a kappa of 0 indicates agreement equivalent to
chance. Disagreements were resolved by consensus for the
purposes of reporting our findings.

Results
Literature Search
he literature search yielded 226 articles for a full text review.
A total of 123 studies were included in the analysis. One
hundred and six studies were excluded because they provided
no definition of fracture-healing, and then three additional
studies were included from the manual table-of-contents search
(Fig. 1). Overall, union was defined on the basis of a combi-
nation of clinical and radiographic criteria in 62% of the ar-
ticles, radiographic criteria only in 37%, and clinical criteria
only in 1%.

Study Characteristics

Seventy percent of the articles were related to primary fracture
care, 20% were related to nonunion care, and 10% were related
to periprosthetic fracture care. Forty-six percent of the articles
involved fractures of the femur, 34% involved fractures of the
tibia and/or fibula, 15% involved fractures of the humerus, and
9% involved fractures of the radius and/or ulna (some studies
fit into more than one category). With regard to level of evi-
dence, 5% of the studies were level I, 19% were level II, 12%
were level III, and 64% were level IV. The interobserver reli-
ability for the level of evidence classification of 107 studies was
high (weighted kappa = 0.90).

Clinical Definitions of Fracture-Healing

Seventy-seven studies involved the use of clinical criteria to
define fracture union. The most common clinical criteria were
the absence of pain or tenderness during weight-bearing (49%),
the absence of pain or tenderness on palpation or physical ex-
amination (39%), and the ability to bear weight (18%) (Table
I). Clinical criteria were based on verbatim wording from the
included articles, and, although there are similarities between
criteria, there also are important qualitative differences such as
the assessment of pain and function that differentiate them.
Table II shows the most commonly reported criteria for the
clinical assessment of fracture union according to the location
of the fracture. None of the seventy-seven studies involved
blinding of the clinical assessment of union, and yet we de-

VARIABILITY IN THE ASSESSMENT OF FRACTURE-HEALING IN
ORTHOPAEDIC TRAUMA STUDIES

TABLE | Criteria Used to Define Clinical Fracture Union*

Clinical Criteria Used to Number of Articles
Define Fracture Union (N=77)
1. No pain/tenderness when 38 (49%)
bearing weight
2. No pain/tenderness on palpation/ 30 (39%)
examination
3. Ability to bear weight 14 (18%)
4. Ability to walk/perform activities of 11 (14%)
daily living with no pain
5. Ability to walk/perform activities of 9 (12%)
daily living
6. No residual pain at fracture site 8 (10%)
7. No motion at fracture site on 4 (5%)
examination
8. Full range of motion at adjacent joint 4 (5%)
9. “Clinically stable/asymptomatic’’ 2 (3%)
10. No residual warmth at fracture site 1 (1%)
11. Full range of motion at adjacent joint 1 (1%)
without pain
12. Fracture stiffness measured 1 (1%)
mechanicallyt
*The clinical criteria were grouped into twelve similar categories
and were arranged in order of most to least common use. TA
fracture stiffness of >15 Nm/deg in two orthogonal planes was
reported to indicate sufficient healing for external fixator removal in
the case of a tibial fracture®.

termined that it would have been possible to do so in 95% of
those studies. Only one study used a strictly clinical definition
for fracture union’; in that study, mechanical parameters were
used to measure the stiffness of tibial shaft fractures that had
been treated with external fixation.

Radiographic Definitions of Fracture-Healing
One hundred and twenty-two articles used radiographic criteria
to define fracture union. Three radiographic modalities were
used: plain radiographs (employed in 98% of the studies), com-
puted tomography (1%), and ultrasound (1%). The most com-
mon radiographic definitions of fracture-healing in studies
involving the use of plain radiographs were bridging of the
fracture site by callus, trabeculae, or bone (53%); bridging of the
fracture site at three cortices (27%); and obliteration of the frac-
ture line or cortical continuity (18%) (Table III). Table II shows
the most commonly reported criteria for radiographic assess-
ment of fracture union according to the location of the fracture.
Two studies did not involve the use of plain radiographs
to assess fracture-healing. In the study in which computed
tomography was used, union was defined as bridging of >25%
of the cross-sectional area at the fracture site'’. In the study in
which ultrasound was used, union was defined as the complete
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VARIABILITY IN THE ASSESSMENT OF FRACTURE-HEALING IN
ORTHOPAEDIC TRAUMA STUDIES

TABLE Il Most Common Criteria for Assessing Fracture Union According to Location of Fracture Based on Articles Reviewed*

Femur Tibia Humerus Forearm Radius
Proximal fracture
Radiographic Bridging of Obliteration of Obliteration of fracture line — —
assessment fracture site fracture line or bridging of fracture site
Clinical No pain during Ability to Ability to perform activities — —
assessment weight-bearing bear weight of daily living without pain,
or no residual pain at fracture
site, or full range of motion
at adjacent joint
Shaft fracture
Radiographic Bridging of Bridging of Bridging of fracture site Obliteration of —
assessment fracture site fracture site fracture line
Clinical No pain during No pain during No pain on palpation/ No pain on —
assessment weight-bearing weight-bearing examination palpation/
examination
Distal fracture
Radiographic Bridging of Bridging of Bridging of fracture site — Obliteration of
assessment fracture site fracture site fracture line or
calcification
of callus
Clinical No pain during No pain during No pain on palpation/ — No residual pain
assessment weight-bearing weight-bearing examination at fracture site
or ability to
bear weight

*The most common radiographic criteria (based on plain radiographs) and clinical definitions for fracture union are given. If more than one
definition was used equally for a given region, then all are listed. A dash indicates that none of the reviewed studies provided a definition for

fracture union for that body region.

disappearance of the intramedullary nail on ultrasound im-
aging at six weeks or progressive disappearance of the intra-
medullary nail with the formation of periosteal callus between
six and nine weeks following treatment''.

Blinding of the observers assessing radiographic union
was not reported in 93% of the 122 articles reviewed. We de-
termined that blinding would have been feasible in only thirteen
studies. Eight articles indicated whether or not blinding had
taken place, and, of these, seven indicated that it had.

Seventy-four percent of the 122 studies did not indicate
who functioned as the observer during the assessment of radio-
graphic union; in the remaining studies, the reported assessors
were orthopaedic surgeons (19%), orthopaedic surgeons and
radiologists (4%), radiologists (2%), and orthopaedic surgeons
and residents in training (1%). In three of the five studies in
which both orthopaedic surgeons and radiologists were used as
assessors, there were reported differences in the union rate and
the time to union, with radiologists consistently giving more
conservative measurements. Kristiansen et al. reported an av-
erage difference of eleven days in the time to union between
surgeon and radiologist'’, and Emami et al. reported an average
difference of twenty-two days'”, with radiologists declaring
union later in both studies. Jones et al. reported a difference
between radiologists and orthopaedic surgeons with regard to

the union rate in the treatment group at twelve months, with
the radiologists determining a rate of 75% to 78% and the
orthopaedic surgeons determining a rate of 90% to 92%*".

Reliability Reporting

A quantitative measure of the reliability of the assessment of
radiographic fracture union was reported in only two of the
studies that were reviewed. Bhandari et al. evaluated chance-
adjusted agreement for cortical continuity at two cortices and
reported a kappa of 0.75". Govender et al. reported that the
surgeons’ assessments of fracture-healing agreed with radiolo-
gists’ assessments in 91% of cases'®. Eleven studies qualitatively
confirmed the reliability of the assessment of radiographic un-
ion either by using an independent panel of radiologists to
corroborate findings or by achieving assessor consensus'*'> "%,

Discussion
We performed a systematic review of studies of fracture repair
and found variability in the definition of fracture union.
The majority of studies involved the use of both radiographic and
clinical parameters to define fracture-healing. The observers who
assessed fracture-healing radiographically, the blinding of out-
come assessment, and the reliability of the radiographic assess-
ment of fracture union were not commonly reported.
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TABLE Il Criteria Used to Define Radiographic Fracture Union

on Plain Radiographs*

Radiographic Criteria Number of Articles
Used to Define Fracture Union (N =120)
1. Bridging of fracture by callus/bone/ 63 (53%)
trabeculae or osseous bone
2. Bridging of fracture by callus, 32 (27%)
trabeculae, or bone
3. Obliteration of fracture line/cortical 22 (18%)
continuity
4. Bridging of fracture at 2 cortices 7 (6%)
5. Bridging of fracture at 1 cortex 4 (3%)
6. Absence of fracture displacementt 4 (3%)
7. Absence of hardware failure/loosening 3 (2.5%)
8. Absence of osteonecrosis 2 (1.7%)
9. Calcification of callus 2 (1.7%)
10. Bridging of fracture at 4 cortices 1 (1%)
11. Presence of callus 1 (1%)
*The radiographic criteria were grouped into eleven similar cate-
gories and were arranged in order of most to least common use.
tAssessed at one to three months following treatment.

The array of definitions for fracture union found in the
current orthopaedic trauma literature reflects the lack of con-
sensus that exists in the orthopaedic community’. The field of
orthopaedic surgery has strived to standardize and improve
outcomes assessment™. However, there is a need for the stan-
dardization of guidelines used for the assessment of fracture
union. The ability to accurately and reliably measure outcomes
is fundamental to proper study design, reduces bias, and ben-
efits patient care.

Fracture-healing is a dynamic process and not a single
event, but without standardized assessment, comparing out-
comes between studies must be done with caution. For example,
in the present review, two randomized prospective trials com-
paring antegrade with retrograde reamed intramedullary fix-
ation of femoral shaft fractures demonstrated different
results™*. One study demonstrated a faster healing time in
association with antegrade nail fixation®, whereas the second
study found no difference®. The definition of fracture union
differed both clinically and radiographically between these two
studies, and, while there were similarities, the parameters used
to define union could be interpreted differently. Therefore,
in studies of patients with a similar injury receiving similar
treatment, reported differences in time to healing could be due
to differing definitions of fracture union and not to the natural
history of the disease or treatment.

Plain radiography is the most common way in which
fracture union is assessed, and a substantial number of studies
defined fracture union on the basis of radiographic parameters
alone. Hammer et al. combined cortical continuity, the loss of a

VARIABILITY IN THE ASSESSMENT OF FRACTURE-HEALING IN
ORTHOPAEDIC TRAUMA STUDIES

visible fracture line, and callus size in a scale to assess fracture-
healing radiographically but found conventional radiographic
examination difficult to correlate with fracture stability and
could not conclusively determine the state of union’. In animal
models, cortical continuity is a good predictor of fracture tor-
sional strength, whereas callus area is not”. Also, clinicians
cannot reliably determine the strength of a healing fracture on
the basis of a single set of radiographs® and are unable to rank
radiographs of healing fractures in order of strength®. There-
fore, we rely heavily on a radiographic method without proven
validity for predicting bone strength in the assessment of frac-
ture union.

There is very little information in the literature on the
reliability of commonly used radiographic measures for frac-
ture union, and the vast majority of studies do not address the
reliability of the methods used. Interobserver chance-corrected
agreement for radiographic assessment of fracture-healing fol-
lowing intramedullary fixation of tibial shaft fractures is low™,
and a surgeon’s ability to rank fracture union using radio-
graphs chronologically following internal fixation is approxi-
mately 70%”".

The type of outcome assessor who interprets the radio-
graphic findings during fracture-healing is important and can
contribute to bias. We found that radiologists were more con-
servative in determining fracture-healing than were orthopae-
dic surgeons. This difference is important because the type of
assessor was not reported in many of the studies that we re-
viewed, and thus differences reported between studies may be
due to assessor bias and not to a treatment effect.

The blinding of outcome assessment is necessary in or-
der to accurately measure the effect of a treatment but it can be
difficult in nonpharmacologic treatment trials” and was not
routinely reported in the studies that we reviewed, even when
potentially feasible. For studies assessing implant choice,
complete blinding may require manipulation of radiographs,
whereas for studies assessing therapies not involving an im-
plant or a surgical approach, blinding of an assessor may be
accomplished with more conventional means. Unblinded as-
sessment of outcomes, both continuous and dichotomous, is
associated with a potential for exaggeration of the effectiveness
of treatment™. The lack of reporting that we found is not un-
usual and may not mean that bias-reducing procedures did not
indeed occur™. Nonetheless, care needs to be taken in blinding
assessors, when possible, as this can affect the estimated effi-
cacy of treatment of long-bone fractures.

Future efforts will need to address how to standardize the
assessment of fracture union and will need to explore new
methods that are quantifiable and reliable in order to improve
research and clinical practice. Dichotomizing fracture-healing
is not possible without introducing bias or losing information
about this continuous biological process. Still, study results
need to convey clinically recognizable and relevant outcomes
that are consistently reported by injury type. Advances in im-
aging and molecular biology ultimately may give us the ability to
follow the healing process over time with a quantifiable measure
that accurately conveys the probability of union. Moreover, a
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patient’s input must not be ignored or marginalized when de-
termining fracture union. We have few validated quality-of-life
instruments tailored for patients with long-bone fractures. In-
struments that measure patient-important outcomes, or factors
that matter to the subject undergoing fracture repair, have to be
included in the development of a comprehensive definition of
healing if such a definition is to be widely applicable. A com-
posite definition that includes improved radiographic modali-
ties, clinical examination, and patient-important outcomes will
provide a better measurement of fracture repair in the future.
Until this is accomplished, we must be aware of the limitations
of the methods that we currently use.

The present systematic review had several possible lim-
itations. One such limitation is the possibility of selection bias
and the obvious omission of comparable studies not published
in the three journals that we searched. While there is always the
possibility of selection bias, this risk was minimized with a
comprehensive literature search involving the use of multiple
electronic databases and a manual table-of-contents search,
both performed in duplicate. Although our review was limited
to reports that had been published in three journals, we be-
lieved that these three journals have the highest impact among
those regularly publishing results of fracture care and that they
provide an adequate and representative sample of studies to
reflect current practice in defining fracture union.

In conclusion, we found a wide variety in, and a lack of
consensus about, the definition of fracture union in the cur-
rent orthopaedic trauma literature. Without clear guidelines to
assess fracture-healing, and with our reliance on unreliable

VARIABILITY IN THE ASSESSMENT OF FRACTURE-HEALING IN
ORTHOPAEDIC TRAUMA STUDIES

measurements of fracture union, there is an obvious potential
for bias. It is important to use caution when comparing studies
of fracture treatment that assess union and to be aware of the
potential for bias resulting from these imperfect methods of
measurement. Increasing the use of blinded assessment of
outcomes and improved reporting of reliability of subjective
end points will improve the quality of inferences derived from
clinical studies. In the future, there will be a need to incor-
porate objective, quality-of-life, and functional parameters into
the development of a more standardized definition for fracture
union that better characterizes the chronological process of
healing. =
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