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Purpose: Assessment of scaphoid union after operative treatment might be associated with uncertainty,
disagreement, and misinterpretation. Union is defined as consolidation on three of four X-ray views.
Computed tomography (CT) scans are increasingly used to evaluate union of scaphoid fractures and
nonunion. It allows multiplanar assessment of the scaphoid. Reliability in CT scan assessment of union
after operative intervention is limited. We hypothesized that inter- and intraobserver reliability of the CT
scan assessment of union after operative treatment for scaphoid fracture and nonunion are substantial
and better in fracture cases.
Methods: An institutional search identified 230 patients with operative intervention. According to the
sample size, we randomly selected 60 patients (30 fractures and 30 nonunion), with age above 18 years
and CT scans 6e26 weeks after surgery, when uncertainty about healing status is most pronounced.
Three observers evaluated the CT scans on two occasions 6 weeks apart. Observers classified the
scaphoid into two categories: No/partial/full union and >/<50% union.
Results: Interrater agreement in no/partial/full union was overall substantial, substantial in fractures, and
moderate for nonunion cases. Interobserver agreement for >/<50% union was overall moderate and
moderate for both fractures and nonunion groups. The interrater agreement of no/partial/full union with
CT scans �12 weeks after surgery was substantial versus fair for the cases below. Intrarater agreement
was overall better in cases with CT scans �12 weeks postoperative versus earlier.
Conclusions: CT scans show substantial agreement in the assessment of no/partial/full union after
operative intervention, although the presence of metal artifacts and bone grafts potentially impair vis-
ibility among observers. The agreement was better in scaphoid fractures. CT scan assessment of >/<50%
union is with overall moderate agreement. Inter- and intrarater agreement is improved when CT scans
are taken 12 weeks or later after operative treatment, blinded to the clinical information.
Level of Evidence: Diagnostic, III.
Copyright © 2024, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The scaphoid is a complex cylindrical and angulated bone with
retrograde blood supply. The surface is primarily covered with
cartilage and unites with primary healing; thus, external callus
cannot be detected.1 Assessment of union after surgery for scaphoid
fractures and nonunion is often debatable between surgeons and
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radiologists. Determination of the union relies on both clinical
evaluation and radiographic imaging. Uncertain union status pro-
longs the period with supportive brace, and functional restrictions.
X-ray in four different views are commonly used to evaluate union
after surgery. Signs of union include trabecular crossing and are
primarily defined by bone consolidation on at least three of four
views.2 It is readily available and affordable and involves a minimal
radiation dose. However, inter- and intraobserver reliability is re-
ported to be fair/moderate in the evaluation of scaphoid fractures
treated conservatively.3 The shape of the scaphoid complicates
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Table 1
Demographic Data of Patients with Postoperative CT Scan After Treatment for
Scaphoid Fracture (n¼30) and Scaphoid Nonunion (n¼30)

Demographic Data

Sex (M) 48/60
Age (mean) 32 y (range 18e78)
Fracture/nonunion location
Proximal/waist/distal 15/43/2

Procedure for scaphoid fracture
ORIF/percutaneous/arthroscopic 17/10/3

Procedure for scaphoid nonunion
Arthroscopic/open bone graft
reconstruction and fixation

13/17

Surgical delay from injury (mean)
Fracture/nonunion 47/533 (days)

ORIF, open reduction internal fixation.
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X-rays in capturing the fracture and nonunion site in the correct
plane, whereas overlying structures often lead to misinterpreta-
tion.4 Furthermore, bone bridging is difficult, if not impossible, to
differentiate from graft material when there is good compression at
the nonunion site with a screw present. Therefore, the union is
typically defined by the absence of clinical symptoms and adverse
features on X-rays, such as a gap at the fracture/nonunion site,
cystic changes, or signs of implant movement or loosening.2

Computed tomography (CT) scans are accurate and reliable in
diagnosing a scaphoid fracture and displacement.5,6 Cystic changes
and deformity are visualized in nonunion cases. CT scans are
increasingly used routinely to evaluate union after operative
treatment.7e9 It allows multiplanar reconstruction and assessment
of the trabecular architecture at the fracture/nonunion site. Union is
defined as�50% bone bridging across the nonunion site, which in a
biomechanical cadaver model has a load to failure compared to an
intact scaphoid.10 The reliability of CT scans for assessing union in
conservatively treated scaphoid fractures is reported to be superior
to that of X-rays. However, after operative treatment, its reliability
has been investigated in only one study.9 Evaluation of union in
those cases is potentially complicated by metal artifacts; in
nonunion cases, bone graft may be another disturbing factor in
differentiating bone bridging from good compression at the
nonunion site.

This study aims to report the reliability of the CT scan assess-
ment of union after operative treatment of scaphoid fractures and
nonunion. We hypothesized that inter- and intraobserver reliability
of the CT scan assessment of union after operative treatment for
scaphoid fracture and nonunion is substantial, with a superior
agreement in fractures.
Materials and Methods

Approvals from the Danish National Committee on Health
Research Ethics Danish (ID No. 2204737) and the Danish Data
Protection Agency (Privacy) were obtained prior to the initiation of
the study. We conducted an institutional search for patients with
operative intervention from 2013 to 2021 for scaphoid fractures
and for graft reconstruction with screw fixation for scaphoid
nonunion. Inclusion criteria were age > 18 years, operative inter-
vention for displaced scaphoid fractures, and graft reconstruction
with screw fixation for scaphoid nonunion, both using a single
headless compression screw. A total of 230 patients were identified.
Of those, 153 patients were excluded because of the absence of CT
scans or because their CT scans were obtained more than 26 weeks
after the operative intervention. Additionally, patients were
excluded if they had concomitant wrist injuries, if the intervention
was a secondary surgery, or if the fixationmethod differed from the
inclusion criteria. The study aims to investigate agreement within
the clinical window for detecting union, when the uncertainty
about healing status is most pronounced. To reduce selection bias
and align with sample size requirements, 17 patients who had CT
scans performed before 2017, when CT scan was not standard
practice, were randomly excluded.11 This leaves a total of 30 pa-
tients who underwent screw fixation for scaphoid fracture and 30
patients who underwent bone grafting and screw fixation for
scaphoid nonunion. An independent radiographer created two
anonymized lists of serial CT scans in the axial plane, sagittal plane
of the scaphoid axis, and coronal plane with slices of 1 mm in a
random order between rating rounds. Three observers, including a
resident hand surgeon (rater one), musculoskeletal radiologist
(rater two), and a senior hand surgeon (rater three), evaluated the
CT scans on two separate occasions that were 6 weeks apart, and
the raters were blinded to all clinical information. Observers were
allowed to scroll through the CT images without time restrictions.
Observers were tasked to classify the scaphoid as united or not
united based on the criteria of >/<50% bone bridging as reported by
Singh et al.4 Another rating system was established to classify the
operated scaphoid into three categories: no union, partial union,
and full union. No union was defined with the absence of bone
bridging, partial union as partial bone bridging (without giving the
percentage), and full union as complete bone bridging across the
entire fracture/nonunion site.

Statistical analysis

A sample size analysis was conducted according to the meth-
odology of Donner et al.11 We considered interobserver agreement
of k0 ¼ 0.8 among three observers.5,12 We estimated the expected
detection of healing as 50%, p ¼ 0.50, in cases with CT scans within
6e26 weeks after surgery. The minimal acceptable limit was
specified the agreement of kL¼ 0.60, resulting in a sample size of 26
for each group.

Descriptive statistics are reported as median/mean with range.
The multirater kappa measure was used to estimate the chance-
corrected agreement among the observers in two categories no/
partial/full union and >/<50% union, with subgroup kappa values
for fractures and for the nonunion. We interpreted the values using
the guidelines proposed by Landis and Koch.13 Values of 0.01e0.2
indicate slight agreement, 0.21e0.4 fair agreement, 0.41e0.6
moderate agreement, 0.61e0.8 substantial agreement, and
0.81e1.0 almost perfect agreement.

Results

The data set consisted of 60 cases, 30 with headless screw fix-
ation for a scaphoid fracture and 30 with a graft reconstruction and
headless screw fixation for a scaphoid nonunion (Acutrak, Acu-
medtm, Hillsboro, USA). Demographics are presented in Table 1. The
CT scans used for the union assessment were taken at a median of
11.6 weeks (range 6.0e25.3 weeks) after surgery. In this sample, 51
out of 60 patients achieved union (26 scaphoid fractures, 25
scaphoid nonunion). Forty-five patients had X-ray/CT scans avail-
able showing full union at a mean 9.7 months (range 3e25months)
after operative intervention. The remaining six were classified as
united at their last follow-up based on CT scans showing partial
union, absence of pain, and good wrist function.

The interrater agreement for the evaluation of no/partial/full
union was overall substantial (Table 2). Interrater agreement for no
unionwas almost perfect (k¼ 0.81), moderate for partial union (k¼
0.57), and substantial for union (k ¼ 0.61). Fracture cases had
overall substantial agreement, whereas the agreement was mod-
erate in nonunion cases (Table 2). Interrater agreement for the



Table 2
Overall Interrater Agreement and Pairwise Agreement Between Raters for the CT Scan Assessment of Union After Operative Intervention for Scaphoid Fracture and Nonunion

Interrater Agreement
No/Partial/Full Union

Interrater Agreement
>/<50% Union

Kappa CI Kappa CI

All Cases 0.62 0.50e0.74 All Cases 0.50 0.35e0.64
Rater 1þ2 0.78 Rater 1þ2 0.70
Rater 1þ3 0.53 Rater 1þ3 0.45
Rater 2þ3 0.57 Rater 2þ3 0.39

Fracture n ¼ 30 0.69 0.52e0.86 Fracture n ¼ 30 0.48 0.27e0.69
Rater 1þ2 0.77 Rater 1þ2 0.72
Rater 1þ3 0.60 Rater 1þ3 0.33
Rater 2þ3 0.71 Rater 2þ3 0.42

Nonunion n ¼ 30 0.50 0.34e0.65 Nonunion n ¼ 30 0.50 0.29e0.71
Rater 1þ2 0.78 Rater 1þ2 0.68
Rater 1þ3 0.42 Rater 1þ3 0.57
Rater 2þ3 0.34 Rater 2þ3 0.34

Table 3
Intrarater Agreement Overall (n¼ 60), Facture (n ¼ 30), Nonunion (n ¼ 30), Patients
with CT Scan <12 weeks (n ¼ 33), and Patients with CT Scan � 12 Weeks after
Operative Intervention (n ¼ 27)

Intrarater Agreement Kappa CI

Overall 0.71 0.63e0.77
Fracture 0.68 0.58e0.88
Nonunion 0.72 0.62e0.82
CT scan < 12 weeks 0.58 0.46e0.69
CT scans � 12 weeks 0.82 0.73e0.90
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evaluation of >/<50% union was overall moderate, both in the
evaluation for scaphoid fracture and scaphoid nonunion (Table 2).
Agreement was consistently substantial between rater 1 and 2 (k ¼
0.68e0.78), and agreement with rater 3 varied from fair to sub-
stantial (k ¼ 0.33e0.71) (Table 2).

Intrarater agreement was overall substantial both in scaphoid
fractures and nonunion (Table 3).

A post hoc subgroup analysis compared cases with CT scans
taken within 12 weeks after the operative intervention (n ¼ 33) to
those scanned at 12 weeks or later (n¼27). In this analysis, evalu-
ation of >/< 50% union showed moderate kappa values in both
fracture and nonunion groups, with higher kappa values observed
for patients �12 weeks (Figure 1). For the assessment of no/partial/
full union, interrater agreement was fair for cases <12 weeks after
surgery and substantial for cases �12 weeks after surgery
(Figure 1). Intrarater agreement was moderate for cases <12 weeks
versus almost perfect in patients �12 weeks after operative inter-
vention (Table 3).

Discussion

This study demonstrates that CT scans show substantial agree-
ment in assessing whether there is no/partial/full union within the
clinically relevant time window for expected union, which can be
used reliably in patients following operative intervention for
scaphoid fracture and scaphoid nonunion.

Matzon et al9 reported overall moderate agreement (k¼ 0.59) in
32 patients who underwent operative treatment (16 fractures/16
nonunion). Agreement was not improved when both X-ray and CT
scans were available, although surgeons believed more certain in
their evaluations. To our knowledge, this study is the only report on
the reliability of assessing union after operative treatment. Han-
neman et al5 reported a moderate overall interrater agreement (k¼
0.57) in categorizing no/partial/full union in 44 patients with
conservatively treated scaphoid fractures, slightly lower than our
findings (k ¼ 0.62). They observed substantial agreement for cases
of no union and union, whereas agreement for partial union was
moderate. Hence, the agreement in each type of consolidation
might be underpowered because of the sample size. In our study
agreement for no union was almost perfect, and similar with
moderate agreement for partial union and substantial agreement
for full union.

When evaluating no union versus union in conservatively
treated scaphoid fractures, Hanneman et al5 reported substantial
agreement (k ¼ 0.66), consistent with the findings by Buijze et al12

(k ¼ 0.69) using sagittal reconstructions only and among 59 ob-
servers. In these studies, union was subjectively defined by the
raters, whereas our study used a criterion of >/<50% union,
resulting in moderate agreement (k ¼ 0.50). Despite using CT scans
with imaging metal artifact reduction techniques, metal artifacts
from the headless compression screw can complicate the assess-
ment of union in scaphoid fractures and especially in cases of
scaphoid nonunion with graft material. Therefore, a direct com-
parison of the findings is not fully appropriate.

In evaluating no/partial/full union, we found better agreement
in fracture cases (substantial) compared to nonunion cases (mod-
erate). In the subgroup analysis of scaphoid fractures and nonunion
by Matzon et al,9 agreement was similar to our findings. However,
the sample size of their study was too small in calculating kappa
values for each group independently, and imaging was performed
at 1.3e19 months after operative intervention, compared to 2e6
months in our study.

Considering the timing of the CT scan, the agreement ap-
proaches a k value of 1.0 as the CT scan is performed later, as the
union is expected to be more visible. Vice versa, nonunion is easier
defined when a gap is visible in the longer term after the operative
treatment. In subgroup analysis we found improved inter- and
intrarater agreement in CT scans taken �12 weeks after operative
intervention versus those taken <12 weeks. In contrast, Hanneman
et al5 reported moderate agreement in CT scans at week 6 and 12
and substantial agreement in patients 24 weeks after conserva-
tively treated scaphoid fractures. However, the sample size for each
time event in this study was too small in calculating kappa values.
Farracho et al14 suggested cone beam CT scan is accurate and reli-
able 6 weeks after treatment (12/52 patients had operative inter-
vention for a scaphoid fracture) and reported substantial
agreement in >/<50% union (k ¼ 0.64). For comparison, our results
in scaphoid fractures and nonunion cases <12 weeks after opera-
tive intervention showed the agreement was moderate (k ¼ 0.44).
Generally, a CT scan taken less than 12 weeks after operative
intervention is valuable for detecting patients at risk of nonunion,
such as those with displacement, implant movement, and defor-
mity.15 Our results suggest that evaluating union and consolidation
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type yields superior inter- and intrarater agreement, when the CT
scans are 12 weeks or more after operative intervention.

In this study, the pairwise interrater agreement was consistently
substantial between rater one and two (k ¼ 0.68e0.78). However,
the agreement with rater three was distinctly lower, especially
when evaluating >/<50% union, because it was only fair to mod-
erate. This discrepancy might be attributed to bias from the senior
hand surgeon’s (rater three) clinical experience in cases of partial
union, who usually progress to full union, as he tends to assess
more patients with >50% union.4 However, Hannemann et al5 also
reported fair-moderate agreement in 25% to 74% consolidation (k ¼
0.22e0.42), and Matzon et al9 reported fair agreement (k ¼ 0.31) in
25% to 50% union.

The study has both limitations and strengths. In two patients,
only CT scans in the longitudinal plane of the radius was available.
The plane of the scaphoid long axis better visualize the fracture/
nonunion site.7 Second, including clinical informationwould better
reflect clinical practice and assist the observer in determining the
degree of union. However, we investigated the reliability of the CT
scans alone, with observers blinded to all clinical information, thus
testing the CT scan as an independent diagnostic tool. Third, not all
scaphoid fractures and nonunion received CT scans following
operative treatment. Presumably, these were patients without pain
symptoms and with satisfying bone healing addressed with the X-
ray alone. This could imply exclusion of simple cases from the
sample population. We believe the degree of selection bias is
limited, as CT scans have been standard practice in our department
since 2017, and only eight out of 60 patients in our sample were
surgically treated before that date. Nevertheless, demographic data
seems to be comparable to the general population of scaphoid
fractures and nonunion in terms of union rate, sex, and age, and the
study’s sample size was appropriate.16

In conclusion, we found that CT scans demonstrate substantial
agreement, in the assessment of no/partial/full union, after opera-
tive intervention for scaphoid fractures and nonunion, in which the
presence of metal artifacts and bone grafts potentially deteriorates
the vision among observers. The agreement was better in scaphoid
fractures. Agreement in the assessment of >/<50% union was
moderate. Inter- and intrarater agreement improves when CT scans
were taken 12 weeks or more after operative intervention, blinded
to clinical information. To ensure that the postoperative period
with a cast and functional restrictions is limited to what is neces-
sary, this study supports the reliability of using CT scans and con-
tributes to well-considered decision making in the union
assessment after scaphoid fracture and nonunion surgery.
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