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ABSTRACT

Background: Carpal malalignment following the treatment of scaphoid nonunion increases the

Article info: risk of Dorsal Intercalated Segment Instability (DISI) and progressive radiocarpal arthrosis.
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01 Aug 2021 : Methods: Patients and Methods: In a retrospective study, 96 patients who underwent surgery to
:  treat scaphoid nonunion (interpositional bone grafting without correction of carpal malalignment)
were included. Indices of carpal malalignment, including the lunocapitate and scapholunate
angles, were assessed before and one year after the surgery. A lunocapitate angle of more than15°

and a scapholunate angle of more than 60° were considered a sign of DISI.

Objectives: In this study, we aimed to investigate the outcome of interpositional bone grafting
without preplanning to correct carpal malalignment in treating scaphoid nonunion.

Results: The study population included 93 men (96.9%) and three women (3.1%) with a
Mean+SD age of 26.143.1 years. The mean+SD time from fracture to nonunion surgery was
8.6+4.2 months. The MeantSD lunocapitate angle was 15.2+13.1° before and 14.4+11° one
year after the surgery (P=0.48). The Mean+SD scapholunate angle was 63.9+15.2° before and
: 64.5+14.6° after the surgery (P=0.69). DISI was present in 67 patients (69.8%) before and 66
Keywords: : (68.8%) after the surgery. This difference was not statistically significant, too (P=0.89).

Scaphoid, Fracture, Carpal ¢ Conclusion: Correction of carpal malalignment should be preoperatively planned to treat
bones, Bone malalignmen : scaphoid nonunion to reduce the risk of postoperative DISI and subsequent radiocarpal arthrosis.
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1. Introduction

caphoid fractures are the most common

fractures of carpal bones, accounting for

60% to 70% of carpal bone fractures

and 2% to 7% of all fractures [1]. In up

to 40% of cases, the scaphoid fracture is

missed at initial presentation, leading to
an increased risk of nonunion [2]. If the scaphoid non-
union is not adequately treated, it results in severe de-
formities such as carpal malalignment and its complica-
tions, including Dorsal Intercalated Segment Instability
(DISI) and progressive radiocarpal arthrosis, which are
associated with significant disability [2, 3].

Open reduction and internal fixation with interpo-
sitional bone grafting is the most common treatment
method for scaphoid nonunion that could be done with
graft harvested from different bones such as radius and
the iliac crest, with or without fixation [4]. Owing to the
detrimental impact of carpal malalignment on the out-
come of scaphoid nonunion treatment, the emphasis has
been placed on correcting the carpal alignment, besides
achieving scaphoid union [5, 6]. Although these thera-
peutic issues have been discussed and solutions have
been provided [5, 6], the impact of scaphoid nonunion
treatment on the correction of carpal malalignment has
only been addressed in a few studies [7-9].

In this study, we aimed to investigate how the carpal
malalignment is corrected after treating scaphoid frac-
ture nonunion using open reduction and internal fixation
with interpositional bone grafting without preplanning
for the correction of carpal alignment.

2. Methods

This retrospective research was approved by the Re-
view Board of our institute under the code of IR.IUMS.
REC.1400.231. Between 2017 and 2019, the patients’
medical records treated for scaphoid nonunion in our Ter-
tiary referral hospital were reviewed. The inclusion crite-
ria were a minimum follow-up of one year and achieving
the union of the scaphoid. Patients with a congenital de-
formity of the wrist or hand, history of distal radius frac-
ture or malalignment, history of fracture at other wrist
bones, wrist arthrosis, scaphoid fracture associated with
wrist dislocation, and absence of postoperative radio-
graphs were excluded from the study. Finally, 96 patients
who met the study criteria were included in the analysis.
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Surgery was done with the anterior corticocancellous
bone graft augmentation without any preplanning to cor-
rect the scaphoid deformity or carpal malalignment. The
graft was fixed to the host bone with the pin. After the sur-
gery, the wrist was immobilized in a thumb spica cast for
6-8 weeks. Active wrist excursive was allowed afterward.

Carpal malalignment was determined on the lateral ra-
diography recorded on a picture archiving and commu-
nication system. Lunocapitate angle and scapholunate
angle were used for this purpose. Lunocapitate angle was
defined as the angle between the long axis of the capitate
and the mid-axis of the lunate. Scapholunate angle was
defined as the angle between the long axis of the scaph-
oid and the mid-axis of the lunate. A lunocapitate angle
smaller than 15° and a scapholunate angle between 30°
and 60° were regarded as normal. A lunocapitate angle
of greater than 15° and a scapholunate angle greater than
60° were regarded as signs of DISI [10].

Statistical analysis was performed using SPSS for Win-
dows, version 16 (SPSS Inc., Chicago, Ill., USA). The
descriptive data were presented as Mean+SD or number
and percentage. The Kolmogorov-Smirnov test was used
to test the normal data distribution. A paired t test or its
nonparametric counterpart (Wilcoxon signed-rank test)
was used to compare mean values before and after the
surgery. The Chi-square test was used to compare the
categorical variables. P values less than 0.05 were con-
sidered statistically significant.

3. Results

The study population included 93 men (96.9%) and 3
women (3.1%) with a Mean+=SD age of 26.1+3.1 years.
The Mean+SD time from fracture to nonunion surgery
was 8.6+4.2 months. Table 1 presents the patients’ char-
acteristics in more detail.

The Mean+SD lunocapitate angle was 15.2+13.1° be-
fore and 14.4+11° one year after the surgery. This dif-
ference was not statistically significant (P=0.48). The
Mean+SD scapholunate angle was 63.9+15.2° before
and 64.5£14.6° after the surgery. This difference was not
statistically significant, as well (P=0.69).
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Table 1. Characteristic of the patients with scaphoid nonunion (n=96)

Variables MeanzSD or No.(%)
Age (y) 26.1#3.1
Male 93(96.9)
Caala Female 3(3.1)
. Right 73(76)
Hand dominancy Left 23(24)
. Yes 39(40.7)
Smoking No 57(59.3)
Fall 19(19.8)
Mechanism of injury Sport-related 52(54.2)
Motor vehicle accident 25(26)
Follow-up (mo) 15.1+2.9
Time from fracture to nonunion surgery (mo) 8.614.2

Before the surgery, the lunocapitate angle was more
than 15° in 37 patients (38.5%). After the surgery, the
lunocapitate angle was more than 15° in 34 patients
(35.4%) (P=0.75). Before the surgery, the scapholunate
angle was more than 60° in 52 patients (54.2%). After the
surgery, the scapholunate angle was more than 60° in 59
patients (61.5%) (P=0.39).

Based on the lunocapitate and or scapholunate angle,
DISI was present in 67 patients (69.8%) before and 66
patients (68.8%) after the surgery. This difference was
not statistically significant, too (P=0.89).

4. Discussion

Although scaphoid fractures are common, they cause
unique therapeutic challenges owing to the particular
geometry and vascular pattern of the scaphoid [11, 12].
Delayed diagnosis and inadequate treatment can result
in nonunion and subsequent complications such as DISI
and degenerative wrist arthritis [12]. In this study, we
evaluated how surgical treatment of scaphoid nonunion
affects the level of preoperative carpal malalignment.
Based on our results, indices of carpal malalignment,
including the lunocapitate and scapholunate angle, were
not significantly improved after the surgical treatment
of scaphoid fracture nonunion. In addition, the number
of patients with preoperative DISI almost remained the
same after the operation.

Cooney et al. reported the outcome of scaphoid non-
union in 21 patients treated with interpositional ante-
rior wedge grafting and fixation with a Herbert screw.
Scaphoid malalignment was measured preoperatively,
and the size and shape of the proposed graft were chosen

Orthopedic Science

accordingly. Union of scaphoid was achieved in 15 pa-
tients (71%). The scapholunate angle improved from 65°
to 54°. The capitolunate angle improved from 35° to 15°.
The scaphoid malalignment also improved on biplanar
tomographic measurement [13]. We did not investigate
the correction of scaphoid malalignment in the present
study. The scapholunate angle increased from 63.9° to
64.5°, while the lunocapitate angle decreased from 15.2°
to 14.4°. These results indicate that concurrent correc-
tion of scaphoid malalignment should be considered in
scapholunate nonunion treatment.

Trumble et al. reviewed the outcome of scaphoid non-
union in 34 patients treated with interpositional bone
grafting and internal fixation with either Herbert screw
(n=16) or 3.5-mm cannulated Osteosynthesis/Associa-
tion for the Study of Internal Fixation (AO/ASIF) screw
(n=18). They did not consider the correction of the scaph-
oid malalignment during the surgery. The scapholunate
angle improved from 51.9° to 50° in the Herbert screw
group and from 52° to 47.8° in the cannulated AO/ASIF
screw group. Time of union was significantly lower in
the cannulated AO/ASIF screw group [14]. This study
revealed that the fixation device could also impact the
alignment of the scaphoid after the treatment of scaphoid
malunion. In the present study, we used pins for the fixa-
tion of interpositional graft.

Nakamura et al. evaluated the impact of scapholunate
ligamentous injury and aimed to find whether the liga-
mentous repair is necessary to treat scaphoid nonunion
with DISI. To this aim, they compared the outcome of car-
pal alignment of scaphoid nonunion with DISI deformity
without ligamentous repair to those of scaphoid nonunion
without DISI deformity. The scapholunate angle was im-
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proved in 20 out of 22 patients with DISI deformity and
16 out of 19 patients without DISI deformity. They con-
cluded that ligamentous injury hardly causes DISI defor-
mity in scaphoid nonunion, and ligamentous repair is not
required to correct DISI deformity in most cases [15]. We
did not evaluate ligamentous injury in the present study.

Watanabe aimed to clarify the correlation between a
scaphoid deformity and carpal malalignment in 38 pa-
tients with scaphoid nonunion and evaluate how a correc-
tive bone graft improves carpal alignment. Surgery was
performed by the anterior wedge bone graft method. The
scaphoid deformity was assessed with intrascaphoid an-
gle and axial length. Carpal malalignment was assessed
with the alterations in the radiolunate angle and scaph-
olunate angle. One year after the surgery, intrascaphoid
angle, axial length, radiolunate angle, and scapholunate
angle were improved 11°,—1.3 mm, 14°, and 11°, respec-
tively. The level of carpal malalignment was correlated
with scaphoid deformity, and corrective bone graft led to
the adequate recovery of carpal alignment as preopera-
tively planned [7]. This study further highlights the value
of the correction of scaphoid deformity concurrent with
the treatment of scaphoid nonunion. The present study
had some limitations. The study’s main limitation was
the assessment of other indices of carpal malalignment
such as radiolunate angle, as well as indices of scaphoid
deformity such as intrascaphoid angle and axial length.
The retrospective design was the other limitation of the
study.

5. Conclusions

Correction of scaphoid deformity and carpal alignment
should be preoperatively planned in the treatment of scaph-
oid nonunion. Otherwise, the preoperative DISI would not
be resolved, and progressive radiocarpal arthrosis is ex-
pected later, causing significant disability for the patients.
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