
UCSF
UC San Francisco Previously Published Works

Title
Evaluating reliability and validity of the modified radiographic union scale for tibia (mRUST) among 
North American and Tanzanian surgeons.

Permalink
https://escholarship.org/uc/item/2kh1x6xf

Journal
OTA international : the open access journal of orthopaedic trauma, 4(1)

ISSN
2574-2167

Authors
Coburn, Alexander
Shearer, David
Albright, Patrick
et al.

Publication Date
2021-03-01

DOI
10.1097/oi9.0000000000000093
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2kh1x6xf
https://escholarship.org/uc/item/2kh1x6xf#author
https://escholarship.org
http://www.cdlib.org/


OTAI-D-20-00009; Total nos of Pages: 5;

OTAI-D-20-00009

Clinical/Basic Science Research Article

OPEN
Evaluating reliability and
 validity of the modified
radiographic union scale for tibia (mRUST) among
North American and Tanzanian surgeons
Alexander Coburn, PhDa,∗, David Shearer, MDa, Patrick Albrighta, Syed Alia, Heather J. Roberts, MDa,
Billy Haonga, MDb, Edmund Eliezer, MDb, Kevin Chua, Saam Morshed, MD, PhDa
Abstract
Objectives: To determine the international reliability and validity of the modified Radiographic Union Scale for Tibial fracture
(mRUST) scoring method for open tibial shaft fractures based on ratings of radiographs by separate groups of North American and
Tanzanian surgeons.

Methods: Seven North American and 9 Tanzanian surgeons viewed 100 pairs of AP and lateral radiographs of open tibial shaft
fractures obtained in Dar Es Salaam, Tanzania. The radiographs showed 25 patients’ fractures at 4 time points postfracture after
treatment with either external fixation or intramedullary nailing. Surgeons evaluated each fracture using the mRUST scoring method
and indicated their confidence that the fracture was healed on a scale from 1 to 10. Reliability of mRUST was determined using inter-
rater agreement among North American and Tanzanian surgeons. Validity was determined via analysis of correlation between
mRUST scores and EQ-5D-3L index scores at each time point postfracture.

Results:mRUSTscoresdemonstratedstrong reliability overall (ICC=0.64)aswell aswithin eachgroupofNorthAmerican (ICC=0.72)
and Tanzanian (ICC=0.69) surgeons. Reliability was stronger for external fixation than for intramedullary nailing cases. mRUST scores
were significantly correlated with overall healing confidence at all time points andwith quality of life at 6 months and 1 year postfracture.
mRUST scores also correlated significantly with patients’ quality of life scores (EQ-5D index) at 6 months and 1 year postfracture.

Conclusion: North American and Tanzanian surgeons exhibited strong agreement in rating open tibial shaft fractures. Using
mRUST scores is a valid means of assessing radiographic healing of tibial fractures in austere environments like Tanzania.

Keywords: EQ-5D, mRUST, tibia

[2]
1. Introduction

Approximately half a million patients suffer from tibial fractures
in the US every year.[1] In low- and middle-income countries
(LMIC), where rates of musculoskeletal injuries are 2 to 5 times
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higher than in high-income countries, tibial fractures likely
have an even larger social impact. A crucial consideration in
treatment of tibial fractures is evaluation of fracture healing.
However, defining and measuring healing status remains
controversial. Currently, there are no universally accepted “gold
standard” measures of union or nonunion.[3] This contributes to
significant variability among surgeons in terms of the methods
they use to determine nonunion[4] and how quickly they elect to
perform corrective surgery for nonhealed fractures.[5] The lack
of consensus about healing assessment makes it difficult for
physicians to make accurate and unbiased assessments of fracture
healing status.[4]

More recently, researchers developed the standard Radio-
graphic Union Scale for Tibial fractures (RUST)[3] and modified
RUST (mRUST)[6] scoring tools to assess healing status of tibial
fractures using radiographic analysis. These tools use the
presence of bridging callus and obliteration of fracture lines on
anteroposterior (AP) and lateral radiographs in order to assign a
numerical value for a healing tibial shaft fracture. In the standard
RUST instrument, raters are asked to score each of 2 cortices
visible on both AP and lateral radiographs of a tibial fracture.
Each of the 4 (total) cortices is scored based on the following
guidelines: 1 = no callus, 2 = bridging callus, 3 = remodeled. For
mRUST, a fourth option (“callus present”) was added to the
rating scale to differentiate between nonbridging and bridging
calluses. This corresponds to a rating system of 1 = no callus, 2 =
callus present, 3 = bridging callus, 4 = remodeled. Scores range
from 4 to 12 (for standard RUST) and 4 to 16 (for mRUST), with
lower scores indicating a less healed fracture and higher scores
suggesting a more advanced stage of healing.[6] The reliability
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(agreement in scoring among surgeons) and validity (correlation
between scores and patient-relevant outcomes) of RUST and
mRUST have been demonstrated in several studies.[3,6,7]

However, important gaps in the literature remain. First, the
mRUST scoring system has never been validated internationally,
as studies to date have focused on North American surgeons’
assessments of fractures. Secondly, evidence linking mRUST
scores to clinically relevant patient outcomes remains limited.
Finally, a minimum mRUST score threshold below which
fractures can be considered “not healed” with confidence has
not yet been established. This lower threshold could inform
surgeons’ decisions about whether or not to perform surgery.
Moreover, because clinical trials typically follow nonunions as
endpoints in fracture repair studies, a nonunion threshold is also
useful for research purposes.
This study addresses these gaps in the literature using data

from a recently completed randomized control trial in Tanza-
nia,[8] which randomized patients with Gustilo-Anderson type I-
IIIA open tibia fractures to treatment with either definitive
external fixation or intramedullary nailing. The purpose of the
present study was to evaluate the reliability of mRUST scoring of
open tibial shaft fractures between North American and
Tanzanian surgeons, and to correlate mRUST scores with both
patients’ health-related quality of life and surgeons’ overall
assessment of fracture healing, at 4 time points after fracture
stabilization. Additionally, we sought to identify upper and lower
mRUST score thresholds that correspond with healed fractures
and not healed fractures, respectively.
2. Methods

2.1 Recruitment of surgeons

In this study, AP and lateral radiographs of open tibial shaft
fractures were evaluated by 16 experienced orthopaedic trauma
surgeons practicing atmajor urbanmedical centers in eitherNorth
America (n=7) or Tanzania (n=9). For each pair of radiographs,
surgeons determined the mRUST score and provided a rating of
confidence that the fractures were healed. Surgeons were recruited
by email to participate in the study, which involved completing a
20-minute online survey. Data from surgeons’ assessments of
radiographs and from quality-of-life surveys were then used to
assess the reliability and validity ofmRUST. Informed consentwas
obtained from all surgeons prior to their participation in the study,
and the studywas approvedby the IRBatUCSF.TheUCSF IRB# is
14-14792, PI is Dr. Saam Morshed.
2.2 Selection of radiographs

Surgeons evaluated 100 pairs of AP and lateral radiographs of 25
patients with Gustilo-Anderson type I-IIIA open tibial shaft
fractures who had participated in a recent randomized control
trial in Dar es Salaam, Tanzania.[8] This repository of images
from patients with fractures was selected because of the
standardization and intervals of acquisition for the parent trial,
and the great variance of open [versus closed] fracture healing
expected at any given time of follow-up. Patients had been treated
with either external fixation (n=14) or intramedullary nailing
(n=11). For each patient, AP and lateral radiographs and
quality-of-life surveys were acquired at 4 time points postfracture
(6 weeks, 3 months, 6 months, and 1 year). Radiographs were
included in the study based on the availability of complete data
and high-quality radiographs for each patient at all 4 time points
2

postfracture. Seventy-three patients in the study had received
both AP and lateral radiographs at each time point. A picture of
each radiograph was taken and uploaded electronically for
evaluation. All radiographs associated with these patients were
then evaluated by a 4th-year orthopaedic surgery resident (HJR)
for image quality. The quality of each image was assessed as
“Good,” “Poor,” or “Obstructed,” indicating that the view of
the fracture was obstructed (e.g., by an external fixator bar). Data
was excluded from 48 patients whose radiographic images were
assessed as “Poor” or “Obstructed” at 1 or more time points.
Twenty-five patients were included who had high-quality
radiographs available at all 4 time points, yielding a total of
100 pairs of AP and lateral radiographs.
Survey design

The online survey was designed and presented using Qualtrics
survey software (Qualtrics, Provo, Utah). After a live tutorial on
mRUST scoring, each surgeon viewed a randomly selected subset
of 25 pairs of AP and lateral radiographs, presented in random
order. Each pair of images was displayed on a separate page of
the survey. For each pair of radiographs, surgeons were asked to
evaluate the fracture with the mRUST score and estimates of
confidence that fractures were healed. For mRUST scoring,
surgeons rated each cortex of the fracture as “no callus,” “callus
present,” “bridging callus,” or “remodeled,”with each respective
choice receiving an associated score of 1–4. Aggregation of scores
for the 4 cortices yielded a total mRUST score for each fracture
ranging from 4 to 16. Healing confidence was evaluated by
asking surgeons to rate their confidence, on an incremental scale
from 1 to 10, that the fracture was “not healed” (lower anchor)
or “healed” (upper anchor).
Quality-of-life assessment

Patients in the randomized control trial completed EQ-5D-3L
quality-of-life surveys[9–11] at each of the 4 time points
postfracture. Patients rated 5 dimensions of their health on 3-
level scales (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), as well as their overall health status
using a 100-point visual analogue scale. An overall index score
was then calculated for each patient and time point using the
“eq5d” package in R.[12] Scores were adjusted for country using
the package’s built-in parameters for Zimbabwe, since no
parameters are currently available for Tanzania in the package.
Statistical analysis

Inter-rater reliability was assessed using intraclass correlation
coefficients (ICCs) of mRUST scores. ICCs were calculated using
the “ICC” package in R,[13] which estimates ICCs and confidence
intervals using the variance components from a one-way ANOVA
while accounting for intra-rater and intra-patient measurement
groupings. Results of ICC calculations were interpreted based on
the work of Landis and Koch[14] and following the example of
Litrenta et al.[6] ICC values below 0.2 were defined as “slight
agreement,” 0.21–0.40 as “fair agreement,” 0.41–0.60 as
“moderate agreement,” 0.61–0.8 as “substantial agreement,”
and values above 0.81 as “nearly perfect agreement.”[14,15]

ValidityofmRUSTwas evaluatedusing linear regressionmodels to
determine the correlation between mRUST scores and patients’
quality of life (EQ-5D index) scores and surgeons’ evaluations of
healing status at each time point postfracture.

http://www.otainternational.org
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3. Results

3.1 Inter-rater reliability of mRUST

Results of mRUST reliability analyses, stratified by country and
treatment type, are displayed in Tables 1 and 2. ICC calculations
for mRUST scoring revealed substantial agreement among all
surgeons (ICC = 0.64), as well as within each subset of North
American surgeons (ICC= 0.72) and Tanzanian surgeons (ICC=
0.69). Surgeons exhibited substantial agreement (ICC = 0.72) in
scoring fractures treated with external fixation and moderate
agreement (ICC = 0.57) in scoring fractures treated with
intramedullary nailing.

3.2 Validity of mRUST

Table 3 shows the results of linear regression models assessing
correlations between mRUST scores of radiographs and patient
life quality measures (EQ-5D index scores) at 4 time points
postfracture. EQ-5D index scores were found to be significantly
associated with mRUST scores at 6 months (P= .014, r2adj=
0.280) and 1 year (P< .001, r2adj=0.448) postfracture. Howev-
er, no significant correlations were found between mRUST scores
and EQ-5D index scores at 6 weeks and 3 months postfracture.
Correlations between mRUST scores and surgeons’ reported

confidence of fracture healing are displayed in Table 4. mRUST
scores were significantly associated with surgeons’ evaluations of
fracture healing status at all 4 time points postfracture and within
each subset of North American and Tanzanian surgeons. mRUST
scores explained 89% of the overall variance in “healed”
confidence ratings. Based on these regression models, the average
confidence estimates of “healed” status associated with each
possible mRUST score were calculated and are displayed in
Table 5. mRUST scores lower than 6 were associated with<20%
confidence that fractures were “healed,” andmRUST scores of 14
or higher were associated with >80% confidence that fractures
were “healed.”
4. Discussion

While the mRUST scoring system has previously been validated
in the North American context, this study is the first to evaluate
Table 1

Inter-rater reliability of mRUST, overall and stratified by country

All surgeons

ICC 95% CI IC

mRUST (Total) 0.64 0.56–0.72 0.7
Anterior 0.54 0.45–0.63 0.5
Posterior 0.51 0.43–0.60 0.5
Medial 0.56 0.48–0.64 0.6
Lateral 0.53 0.45–0.62 0.6

Table 2

Inter-rater reliability of mRUST, stratified by procedure

All treatment types

ICC 95% CI

mRUST (Total) 0.64 0.56–0.72
Anterior 0.54 0.45–0.63
Posterior 0.51 0.43–0.60
Medial 0.56 0.48–0.64
Lateral 0.53 0.45–0.62

3

the reliability and validity of mRUST in surgeons and patients
from under-resourced countries. In the present analysis, inter-
rater reliability values fell within the range of “substantial”
agreement, according to the criteria outlined by Landis and
Koch,[14] both overall and within each subgroup of North
American and Tanzanian orthopaedic trauma surgeons. Reli-
ability was higher for fractures treated with external fixation
compared to those treated with intramedullary nailing. In terms
of validity, mRUST scores at later time points (6 months and 1
year) postfracture were significantly associated with patients’
self-reported general health (EQ-5D index scores). Finally,
mRUST scores correlated significantly with surgeons’ estimated
confidence that a fracture had healed at all 4 time points
postfracture.
The reliability of mRUST has previously been validated among

North American surgeons and patients.[6,15,16] The present
results build on this prior research. Mitchell et al[16] and Litrenta
et al[6] identified overall ICC values of 0.71 and 0.68,
respectively, for mRUST scoring of lower extremity fractures
by North American trauma surgeons. By comparison, the overall
ICC value of 0.64 identified here suggests that the reliability of
mRUST scoring is relatively stable for surgeons operating in
vastly different cultural contexts. However, inter-rater reliability
was slightly higher within each subgroup of North American and
Tanzanian surgeons than for the overall group of raters, which
hints at possible differences across medical institutions and
cultures in how surgeons applied the mRUST scoring technique
for this study.
Several previous studies have also investigated the reliability of

mRUST across different treatment modalities. Litrenta et al[15]

found greater reliability in mRUST score distributions for distal
femur fractures treated with intramedullary nailing (ICC=0.74)
compared with those treated with plate fixation (ICC = 0.59).
Mitchell et al[16] also found that tibial fractures treated with
intramedullary nailing were associated with more reliable
mRUST score distributions (ICC = 0.75) than those treated
with external fixation (ICC = 0.62). By comparison, the results of
our study indicate that mRUST scores were more reliable for
fractures treated with external fixation (ICC = 0.72) compared
with intramedullary nailing (ICC = 0.57). This discrepancy in
United States Tanzania

C 95% CI ICC 95% CI

2 0.64–0.79 0.69 0.61–0.76
8 0.49–0.67 0.63 0.55–0.72
6 0.47–0.66 0.63 0.54–0.71
8 0.60–0.76 0.52 0.43–0.61
6 0.57–0.74 0.66 0.57–0.74

External fixation IM nailing

ICC 95% CI ICC 95% CI

0.72 0.62–0.82 0.57 0.46–0.69
0.67 0.57–0.78 0.42 0.31–0.56
0.64 0.53–0.75 0.39 0.29–0.53
0.63 0.52–0.74 0.49 0.38–0.62
0.64 0.53–0.76 0.44 0.33–0.58

http://www.otainternational.org
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Table 3

Linear regressions of EQ-5D index scores vs. mRUST scores at same time point

Time postfracture Coefficient (B) SE t value P value r2(adj)

6 weeks 0.012 0.016 0.754 .46 �0.022
12 weeks 0.045 0.024 1.861 .085 0.150
26 weeks 0.021 0.007 2.761 .014 0.280
52 weeks 0.022 0.005 4.245 <.001 0.448

Table 4

Linear regressions of “healed” confidence vs. mRUST scores

Subgroup analysis Coefficient (B) SE t value P value r2(adj)

All surgeons/times 0.770 0.031 24.76 <.001 0.891
6 weeks 0.485 0.119 4.070 <.001 0.438
12 weeks 0.893 0.187 4.782 <.001 0.610
26 weeks 0.785 0.085 9.216 <.001 0.832
52 weeks 0.788 0.051 15.416 <.001 0.918

American surgeons 0.823 0.029 28.006 <.001 0.931
Tanzanian surgeons 0.721 0.042 17.089 <.001 0.802

Coburn et al OTA International (2020) e093 www.otainternational.org
findings, while unexpected, may be due in part to differential
effects of image exposure levels on the visibility of radiographs
depicting fractures treated by intramedullary nailing versus
external fixation.
Compared to reliability measures, validity measures of mRUST

have received relatively less attention in the literature. Here,
construct validity of mRUST was assessed by comparing average
mRUST scores for a given patient and time point with health-
related quality of life as assessed by the EQ-5D score at the same
time point. The EQ-5D index score is a relevant clinical outcome
measure designed to assess a patient’s self-reported health and
wellness at various points in the recovery process. The direct link
that we discovered between a reasonably “objective” clinical tool
(mRUST) and self-reported patient health at 6 months and 1 year
postfracture is compelling evidence of construct validity because
there is currently no gold standard method of assessing the
healing status of open tibial fractures. However, we also found
that mRUST scores were not significantly associated with EQ-5D
index scores at earlier time points (6 weeks and 3 months). This
negative finding may stem from the fact that many tibial
fractures, and particularly those that are open, may take more
than 3months to show radiographic signs of healing.Meanwhile,
Table 5

Average “healed” confidence ratings associated with each
mRUST score

mRUST score “Healed” confidence (95% CI)

4 7.8% (3.7%–11.8%)
5 15.5% (11.9%–19.1%)
6 23.2% (20.0%–26.4%)
7 30.9% (28.0%–33.7%)
8 38.6% (35.9%–41.2%)
9 46.2% (43.6%–48.9%)
10 53.9% (51.2%–56.7%)
11 61.6% (58.7%–64.6%)
12 69.3% (66.1%–72.6%)
13 77.0% (73.4%–80.7%)
14 84.7% (80.7%–88.8%)
15 92.4% (87.9%–97.0%)
16 100% (95.0%–100%)

4

quality-of-life measures at earlier time points may depend less on
fracture stability than other factors such as wound healing or
regaining range of motion.
Another important finding of this study was that mRUST

scores correlated significantly with surgeons’ estimated confi-
dence that a fracture had healed at all 4 time points postfracture.
These data support the content or face validity of the instrument.
Furthermore, mRUST scores explained an incrementally greater
proportion of variance in “healed” confidence ratings at each
successive time point postfracture, suggesting a stronger
association between these 2 methods of assessment of union at
later time points. The confidence intervals displayed in Table 5
provide a useful reference for surgeons to estimate how mRUST
scores correspond to the likelihood that a fracture is healed or not
healed. Notably, an mRUST score of 14 was associated with an
average confidence of 85% that a fracture had “healed.” This is
comparable to a previously-reported finding that mRUST scores
of 13 or higher for distal femur fractures were rated as “healed”
by >90% of North American trauma surgeons.[6]

This study had several important limitations. First, the
radiographs available in our database were of varying quality
(compared with North American standards), which could have
affected the consistency of mRUST scores. We addressed this
shortcoming by having an orthopaedic surgery resident (HJR)
exclude poor-quality images and those in which the view of the
fracture was obstructed. While this method resulted in greater
consistency in image quality across the stimuli, it could have
introduced some degree of selection bias into our findings.
Another important limitation was that many of the surgeons who
evaluated the radiographs had limited prior familiarity with the
mRUST scoring method beyond the brief training that was
administered at the start of each survey. This limitation could
have yielded lower reliability scores than might be expected if the
study were administered to surgeons with more prior training in
the mRUST scoring method. Finally, our sample size was limited
by the number of patients (25) who received complete radio-
graphs at all 4 time points postfracture, due to loss to follow-up.
In conclusion, this was the first study to validate the mRUST

scoring method outside of the North American context. While no
“gold standard” exists for evaluating the radiographic healing
status of tibial fractures, our findings suggest that mRUST is

http://www.otainternational.org
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reliable in diverse clinical contexts and aligns closely with patient-
relevant clinical outcomes, particularly at later stages in the healing
process. Thiswork paves theway for further research intomRUST
and other tools that can improve surgeons’ assessments of
fracture healing in diverse and international clinical contexts.
References

1. Russell TA. Fractures of the tibial diaphysis. In: Orthopaedic Knowledge
Update: Trauma. Vol 1. Rosemont, IL: American Academy of
Orthopaedic Surgeons; 1996:171–179.

2. Mock C, Cherian MN. The global burden of musculoskeletal injuries:
challenges and solutions. Clin Orthop Relat Res. 2008;466:2306–2316.

3. Whelan DB, Bhandari M, Stephen D, et al. Development of the
radiographic union score for tibial fractures for the assessment of
tibial fracture healing after intramedullary fixation. J Trauma. 2010;68:
629–632.

4. Morshed S, Corrales L, Genant H, et al. Outcome assessment in clinical
trials of fracture-healing. J Bone Joint Surg Am. 2008;90:62–67.

5. Bhandari M, Guyatt GH, SwiontkowskiMF, et al. A lack of consensus in
the assessment of fracture healing among orthopaedic surgeons. J Orthop
Trauma. 2002;16:562–566.

6. Litrenta J, Tornetta PIII, Mehta S, et al. Determination of radiographic
healing: an assessment of consistency using RUST and modified RUST in
metadiaphyseal fractures. J Orthop Trauma. 2015;29:516–520.
5

7. Kooistra BW, Dijkman BG, Busse JW, et al. The radiographic union scale in
tibial fractures: reliability and validity. J Orthop Trauma. 2010;24:S81–S86.

8. Ibrahim J, Liu M, Yusi K, et al. Conducting a randomized controlled
trial in Tanzania: Institute for Global Orthopaedics and Traumatology
and the Muhimbili Orthopaedic Institute. J Orthop Trauma. 2018;32:
S47–S51.

9. BrooksR. EuroQol: the current state of play.Health Policy. 1996;37:53–72.
10. Kind P. Spilker B. The EuroQol instrument: an index of health-related

quality of life. Quality of Life and Pharmacoeconomics in Clinical Trials.
2nd ed.Philadelphia, PA: Lippincott-Raven Press; 1996;191–201.

11. Group TE. EuroQol-a new facility for the measurement of health-related
quality of life. Health Policy. 1990;16:199–208.

12. Morton F, Nijjar JS. Calculating EQ-5D indices and summarising
profiles with EQ-5D (R Studio package). 2020;https://cran.r-project.org/
web/packages/eq5d/vignettes/eq5d.html.

13. WolakM. Facilitating estimation of the intraclass correlation coefficient.
(R Studio Package). 2015;https://cran.r-project.org/web/packages/ICC/
ICC.pdf.

14. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159–174.

15. Litrenta J, Tornetta PIII, Ricci W, et al. In vivo correlation of
radiographic scoring (radiographic union scale for tibia fractures) and
biomechanical data in a sheep osteotomy model: can we define union
radiographically? J Orthop Trauma. 2017;31:127–130.

16. Mitchell SL, Obremskey WT, Luly J, et al. Inter-rater reliability of the
modified radiographic union score for diaphyseal tibial fractures with
bone defects. J Orthop Trauma. 2019;33:301–307.

https://cran.r-project.org/web/packages/eq5d/vignettes/eq5d.html
https://cran.r-project.org/web/packages/eq5d/vignettes/eq5d.html
https://cran.r-project.org/web/packages/ICC/ICC.pdf
https://cran.r-project.org/web/packages/ICC/ICC.pdf
http://www.otainternational.org

	Evaluating reliability and validity of the modified radiographic union scale for tibia (mRUST) among North American and Tanzanian surgeons
	1 Introduction
	2 Methods
	2.1 Recruitment of surgeons
	2.2 Selection of radiographs
	Survey design
	Quality-of-life assessment
	Statistical analysis

	3 Results
	3.1 Inter-rater reliability of mRUST
	3.2 Validity of mRUST

	4 Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




