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from the anterolateral metaphysis of the distal
radius versus iliac crest for the treatment

of unstable scaphoid nonunion with humpback
deformity
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Abstract

Background Corticocancellous bone grafting from the iliac crest is acceptable treatment for unstable scaphoid
nonunion with a viable proximal pole. However, harvesting graft from the iliac crest is associated with donor site mor-
bidity and the requirement of general anesthesia. Thus, bone grafting from the anterolateral metaphysis of the distal
radius (DR) can be a treatment option. However, no study has compared the clinical effect between the two grafting
techniques.

Methods From 2014 to 2019, patients with unstable scaphoid nonunion with humpback deformity underwent
corticocancellous bone grafting from the anterolateral metaphysis of the DR (group DR) or iliac crest (group 1C).
Humpback deformity was determined by evaluating the scapholunate angle (SLA) >60°, intrascaphoid angle

(ISA) > 45°, and radiolunate angle (RLA) > 15° from preoperative radiographs and computed tomography scans. The
SLA, ISA, and RLA served to gauge carpal alignment. The operative time, grip strength, active range of motion (ROM),
the Modified Mayo Wrist score (MMWS), and Disabilities of Arm, Shoulder, and Hand (DASH) score were assessed
postoperatively.

Results Thirty-eight patients qualified for the study (group DR, 15; group IC, 23). Union rates did not differ by patient
subset (group DR, 100%; group IC, 95.7%; P=.827), and grip strength, ROM, MWS, and DASH score were similar
between groups at the last follow-up. The operative time (minutes) was significantly shorter in group DR (median, 98;
quartiles, 80, 114) than in group IC (median, 125; quartiles, 105, 150, P<.001). The ISA, RLA, and SLA improved postop-
eratively in both groups (P<0.001). The degree of restoring carpal alignment, as evaluated by SLA, showed superior
correction capability in group DR (median, 25.3% quartiles, 21.1, 35.3, P<0.05). Donor site complications were not sig-
nificantly different between the groups.

Conclusions Corticocancellous bone graft from the anterolateral metaphysis of the DR for unstable scaphoid nonun-
ion is associated with a shorter operation time and comparable results with that from the iliac crest in regard to union,
restoration of carpal alignment, and wrist function.
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Introduction

Corticocancellous bone grafting is a generally acceptable
treatment for scaphoid nonunion with a viable proximal
pole [1-3]. As a source of corticocancellous bone grafts
for scaphoid nonunions, the iliac crest (IC) is the most
common source for scaphoids with high mechanical
strength [1, 4, 5]. However, harvesting IC grafts is asso-
ciated with significant donor site morbidity [6-9], and it
requires a second surgical field and general anesthesia.

The distal radius (DR) can be one of the sources of bone
graft for treating scaphoid nonunion. Corticocancellous
bone grafting from the anterolateral distal corner of the
DR was introduced recently [10].

Good union rates were achieved with use of IC and
DR graft in various series, and they do not seem to be
influenced by the graft source [11-13]. However, previ-
ous comparative studies have focused on the union rate,
and no study has compared the radiologic outcome and
clinical effect between bone grafting of the IC and DR
for treating unstable scaphoid nonunion. Therefore, this
study aimed to compare union rates, mean time to union,
radiologic and clinical outcomes, and donor site compli-
cations after corticocancellous bone grafting of the anter-
olateral metaphysis of the DR vs. IC for unstable scaphoid
nonunion with humpback deformity. We hypothesized
that union rates, mean time to union, scaphoid anatomic
restoration, and wrist function are comparable between
corticocancellous bone graft from the anterolateral meta-
physis of the DR and IC.

Materials and methods

Study population and data collection

Our institutional review board approved this study
and waived the need for informed consent. Between
March 2014 and December 2019, patients with nonun-
ion of the scaphoid who underwent surgical treatments
were enrolled in this retrospective study. Nonunion was
defined as a persistent fracture gap at least 6 months after
the trauma, with bone resorption and sclerotic and/or
cystic changes at the fracture site on a simple radiograph
and computed tomography (CT) scan. Inclusion crite-
ria were (1) unstable nonunion with collapse and dor-
sal intercalated segment instability deformity or a mean
scapholunate angle (SLA)>60°, intrascaphoid angle
(ISA) >45°, radiolunate angle (RLA)>15° (or divergence
from the uninjured wrist by>10°); (2) open debride-
ment and reduction of unstable scaphoid nonunion with

corticocancellous bone grafting from the IC or DR; and
(3) internal fixation with screws. Exclusion criteria were
(1) age<18 years, (2) stable nonunion without bone loss
or displacement>2 mm, (3) previous surgery around
the ipsilateral wrist, (4) revision bone grafting owing to
failure of bone healing after initial fixation, (5) avascular
necrosis (AVN) of the proximal pole, (6) arthritic change
on radiographic imaging (scaphoid nonunion advanced
collapse stage [SNAC] >1), and (7) <2 years of follow-up.

AVN of the proximal pole was determined based on
the preoperative MRI findings and the final confirmation
was made at the time of surgery through direct visual
inspection. All patient data were retrospectively retrieved
from medical records and radiographic archives. Patient
demographic information, including age at the time of
injury, sex, interval of injury to surgery [14], history of
smoking, pretreatment methods was collected. Patients
grouped by the bone graft technique used (group DR,
corticocancellous bone graft from the anterolateral meta-
physis of the DR; group IC, corticocancellous bone graft
from the IC).). Corticocancellous bone graft from the IC
were performed from 2014 to 2017, whereas the bone
graft from DR was performed from 2017 to 2019. All sur-
geries were performed by one senior author.

Surgical techniques and postoperative rehabilitation
Bone graft from the anterolateral metaphysis of the DR
(Fig. 1).

All surgeries were performed with patients under
regional anesthesia. The scaphoid was approached using
a previously described palmar approach [15]. After the
capsule was opened longitudinally, the site of nonunion
was identified, and interposed fibrous tissue was excised
using a burr until viable bleeding was observed. After
preparing the nonunion site, the scaphoid shape and
length were restored with 1.6-mm Kirschner (K)-wire
joysticks. After scaphoid reduction, a guide wire and
derotational K-wire were inserted to maintain the posi-
tion of the scaphoid. Dimensions of the wedge graft were
determined by measuring the gap in the scaphoid.

To harvest the graft, a separate anterolateral inci-
sion was made longitudinally from 1 cm proximal to the
radial styloid. The deep fascia was released longitudinally
to expose the lateral insertion of the pronator quadra-
tus (PQ), which was detached from its lateral insertion
and elevated subperiosteally. A small mini-Hohmann
retractor was placed under the tendons of the first exten-
sor compartment while protecting the radial artery and
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Fig. 1 Corticocancellous bone graft from the anterolateral metaphysis of the distal radius (DR) and fixation of unstable scaphoid (Sc) nonunion. A
and B) Posteroanterior and lateral preoperative radiographs of a 48-year-old man with unstable Sc nonunion (scapholunate angle [SLA, between 2
straight lines], 96°% radiolunate angle [RLA, between 2 dotted lines], 20°). C) Sagittal computed tomography scan showing humpback deformity
of the Sc (intrascaphoid angle 89°). D, E) A wedge-shaped graft measuring 1 cm long and 0.6 cm wide obtained from the anterolateral metaphysis
of the DR. F) The gap is filled with a wedge-shaped corticocancellous graft (arrow). G, H) Postoperative radiographs (SLA, 55° RLA, 8°). Scaphoid
union and deformity correction are confirmed by radiography. At 1 year postoperatively, the scaphoid has healed, and the donor site appears fully

remodeled

superficial branches of the radial nerve. After exposing
the anterolateral border, a distal cut was made with an
oscillating saw. To prevent radial styloid fracture, dis-
tal cut should be made parallel to the articular surface
at least 2 cm proximal to the tip of the styloid process.
A proximal cut was made to reproduce the shape and
dimensions of the previously measured scaphoid defect.
To prevent iatrogenic fracture of the styloid, the distance
between the distal and proximal osteotomy sites needs
to be longer than the depth of the osteotomy cut. After
corticocancellous bone harvesting (Fig. 1D, E), the non-
union was fixed with 1 or 2 headless compression screws
(Fig. 1F). 2.2-mm or 3.0-mm headless compression screw
(Medartis, Basel, Switzerland) were used for scaphoid
internal fixation. The donor site defect was covered by
suturing the origin of the PQ to the BR tendon.

Corticocancellous bone graft from the IC (Fig. 2).

The patient was placed under general anesthesia. The
surgical approach, reduction technique, and screw fixa-
tion technique were the same as described above. To
harvest the graft, an incision was made along the sub-
cutaneous border of the IC at the point of contact with
the periosteum and the origins of the gluteal and trunk
muscles, and the incision was carried down to the bone.

Using an osteotome, the structural graft to be removed
was marked, and a power saw was used to cut the graft.
The periosteum was sutured back, and the wound was
closed in layers.

The same postoperative management protocol was
adopted in the 2 groups. Patients were immobilized in
a short-arm thumb spica cast for 6 to 8 weeks, and after
cast removal, gentle exercises and light activities were
permitted.

Evaluation of outcomes

For radiologic evaluation, bony union and the lateral ISA,
RLA, and SL were measured in each group. All patients
underwent CT of the scaphoid and plain radiography
of the wrist preoperatively. Plain radiographs were also
obtained at 2-week intervals from 6 to 12 weeks post-
operatively and then at 1-month intervals. Four radio-
graphic views of the wrist, including true wrist images
(posteroanterior, lateral, posteroanterior with ulnar
deviation, and oblique with 45° pronation), were obtained
at each follow-up visit. CT images were obtained using
the technique described by Sanders [16]. When wrist
radiographs suggested union, a longitudinal CT scan of
the scaphoid was obtained to evaluate union and assess
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Fig. 2 Corticocancellous bone grafting from the iliac crest and fixation of unstable scaphoid (Sc) nonunion. A, B and C Posteroanterior and lateral
preoperative radiography and sagittal computed tomography of a 39-year-old man with unstable Sc nonunion (scapholunate angle [SLA,
between 2 straight lines], 70°; radiolunate angle [RLA, between 2 dotted lines], 22°, Intrascaphoid angle [ISA, between 2 white lines], 71°). D The
nonunion gap (arrowheads) is filled with corticocancellous bone from the iliac crest. E, F Postoperative radiographs (SLA, 50°% RLA, 3°)

correction of the scaphoid humpback deformity. Bony
union was assessed from the serial radiographs taken
at each follow-up visit. Criteria for union included the
absence of snuffbox tenderness and the presence of
bridging trabeculae on the posteroanterior, scaphoid, lat-
eral, and oblique wrist radiographs. CT was performed
in all patients, and union was confirmed in each patient.
Three authors (1 radiologist and 2 independent ortho-
pedic surgeons) analyzed the following radiographic
parameters of carpal alignment: ISA, SLA, and RLA.
The scaphoid axis was defined as the tangent connecting
the two palmar convexities of the bone. The lunate axis
was defined as being perpendicular to the line joining
the two distal horns of the lunate. The axis of the radius
was obtained by tracing two centers of the medulla at 2
and 6 cm proximal to the radiocarpal joint and then con-
necting the centers. The SLA was defined as the angle
between the scaphoid and lunate axes, RLA was defined
as the angle between the longitudinal axes of the radius
and lunate, radioscaphoid angle was defined as the angle
between the longitudinal axes of the radius and scaph-
oid, lateral intrascaphoid angle was defined as the angle
between lines drawn perpendicular to the proximal and
distal articular surfaces, and articular surface was identi-
fied by subchondral sclerotic bone or the continuation of
the articular curve on CT scans.

At follow-up, an independent examiner evaluated all
patients clinically. All patients underwent measurements

of motion of both wrists and grip strength. Range of
motion (ROM) was measured with a handheld goni-
ometer. Significant restriction of ROM was defined
as a flexion/extension arc<45 [17]. Grip strength was
measured twice on both sides with a Jamar dynamom-
eter (Sammons Preston, Bolingbrook, IL); results were
averaged and expressed as percentages. At the time of
the last follow-up, all patients completed a Disability of
Arm, Shoulder, and Hand (DASH) questionnaire [18],
and the Modified Mayo Wrist score (MMWS) was deter-
mined [19]. Operative time was reviewed and compared
between the groups. It was measured in minutes from
the beginning of preparing and draping the patient to
when the final dressing was applied after closure. Each
patient was also assessed for any donor site complica-
tions throughout the follow-up period.

Statistical analysis

All continuous variables are expressed as a median with
interquartile range in parenthesis after testing for nor-
mality using the Shapiro—Wilk test. All discrete vari-
ables are expressed as a frequency or ratio. When the 2
groups were compared, the Mann—-Whitney test was
used to analyze continuous variables, and the chi-square
text (or Fisher exact test) was used to analyze discrete
variables. Three authors participated in measuring the
radiographic images, and the inter-observer correlation
was good or excellent for each measure (Cronbach alpha,
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0.893-0.931). The postoperative state was compared to
the preoperative state using the Wilcoxon signed-rank
test. P<0.05 was considered statistically significant. Med-
Calc (version 11.6, MedCalc Software, Mariakerke, Bel-
gium) and R (version 3.4.2, Comprehensive R Archive
Network, GNU General Public License, Boston, MA)
were used for all statistical analyses.

Results

One hundred twelve patients underwent operative treat-
ment for scaphoid nonunion in our institution during
the study period. According to the inclusion criteria, 92
patients were screened (18 underwent only cancellous
bone grafting and 2 underwent only K-wire fixation).
Fifty-four patients were excluded (stable nonunions,
n=17; necrosis of the proximal fragment, n=5; stage I
or higher SNAC, n=15; revision bone grafting surgery,
n=7;<2 years of follow-up, #=10). Of the 38 patients
included in the study cohort, 15 underwent corticocan-
cellous bone grafting of the anterolateral metaphysis of
the DR (group DR), and 23 underwent bone grafting of
the IC (group IC).

Patients’ characteristics are summarized in Table 1. No
differences in demographic characteristics were found
between the groups.

The operative time (minutes) was significantly shorter
in group DR than in group IC (median, 98; quartiles, 80,
114 vs. median, 125; quartiles, 105, 150; P<0.001).

All 15 patients in group DR and 22 of 23 (95.7%)
patients in group IC achieved bone union postoperatively
(P=0.827). Mean time to union was not significantly dif-
ferent between the groups. All radiographic variables
significantly improved postoperatively in both groups
(P<0.001) (Fig. 3).

Table 1 Patients' characteristics
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To assess the corrective capacity for deformity between
groups, the percentage change of each radiographic vari-
able was defined as the preoperative angle minus the
postoperative angle divided by the preoperative angle.
SLA showed superior deformity correction capability
in group DR compared with that in group IC (25.3% vs.
17.3%, P=0.035), but the ISA and RLA were not signifi-
cantly different between the groups (Fig. 4).

The number of patients with significant residual
deformity postoperatively (%) was not significantly dif-
ferent between the groups (ISA>35°, 40% vs. 30.4%,
P=0.728; RLA >15°, 0% vs. 13%, P=0.264; SLA > 60, 20%
vs. 47.8%, P=0.100).

No significant differences were found between the
groups in the incidence of significant restriction of ROM,
grip strength, MWS, and DASH score postoperatively
(Table 2).

No significant differences in donor site complications
were found between the groups, but the overall complica-
tion rate at the donor site was higher in group IC than in
group DR (26% vs. 0%, P=0.063). In group IC, 2 patients
had superficial hematoma, and 3 had persistent graft site
pain. In group DR, 1 patient had superficial radial nerve
irritation symptom, but it resolved at 2 months postop-
eratively (Table 3).

Discussion

This study demonstrates that corticocancellous bone
graft from the anterolateral metaphysis of the DR not
only showed similar union rate, restorations of scaphoid
deformity and wrist function but also time efficient com-
pared to corticocancellous bone graft from the IC when
scaphoid nonunion was treated by headless compression
screw fixation.

Variable Group DR (n=15) Group IC (n=23) P-value
Age (years) 28.0 (IQR: 18.0-35.8) 26.0 (IQR: 20.3-38.0) 765
Sex (M/F) 15:0 230 999
Interval of injury to surgery (years) 14(1.1-29) 1.5 (IQR:1.0-2.8) 495
Pre-treatment methods (none/splint or cast) 114 12:11 335
Smoker (yes/no) 8/7 13/10 1.000
Number of screws used (1/2) 9/6 12/1 888
Follow-up period, y 2.3 (I0R:2.0-2.8) 24 (IQR: 2.0-3.2) 949
Preoperative ISA, ° 68.0 (IQR: 60.8-70.0) 65.0 (IQR: 56.3-72.8) 822
Preoperative RLA, ° 33.0 (IOR: 29.3-35.0) 30.0 (IQR: 23.3-33.8) 072
Preoperative SLA, ° 76.0 (IQR: 70.5-77.8) 72.0 (IQR: 70.0-76.5) 208

Values are expressed as a median with interquartile range (IQR) in parenthesis for continuous variables and as a frequency or ratio for discrete variables

The chi-square test (or Fisher exact test) was used to analyze discrete variables, and the Mann-Whitney test was used to analyze continuous variables

Group DR, corticocancellous bone graft from the anterolateral metaphysis of the distal radius; group IC, corticocancellous bone graft from the iliac crest; M male, F

female, ISA intrascaphoid angle, RLA radiolunate angle, SLA scapholunate angle
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Table 2 Comparisons of the clinical outcomes between group DR and group IC

Group DR Group IC P-value
% Significant restriction of ROM 0/15 (0%) 2/23 (8.7%) 509
Modified Mayo wrist score 95 (IQR: 90-100) 90 (IQR: 85-100) 187
Grip strength (%) 85.4 (IQR: 81-100) 86.4 (IQR: 83-100) 283
DASH score 5.2 (IQR: 3.0-6.0) 5.5 (IQR: 3.0-7.5) 917

Values are expressed as a median with an interquartile range (IQR) in parenthesis for continuous variables and as a frequency or ratio for discrete variables

ROM range of motion, DASH Disability of Arm, Shoulder, and Hand; group DR, corticocancellous bone graft from the anterolateral metaphysis of the distal radius;

group IC, corticocancellous bone graft from the iliac crest

Table 3 Comparisons of donor site complications between
group DR and group IC

Group DR Group IC P-value
Persistent pain 0 4(17.3%) 264
Hematoma 0 2 (8.6%) 509
Infection 0 999
Nerve irritation 0 0° 999
Graft site fracture 0 0 999
Overall 0 (0%) 6 (26%) 063

2 One patient had transient nerve irritation in group DR, but this was not
counted because the complication resolved spontaneously within 6 weeks
postoperatively

Group DR, corticocancellous bone graft from the anterolateral metaphysis of the
distal radius; group IC, corticocancellous bone graft from the iliac crest

The goal of treatment for scaphoid nonunion are to
achieve union, restore carpal alignment and prevent
progressive arthritis. Several open and arthroscopic
approaches for nonunion have been reported. Recently,
arthroscopic approach of scaphoid nonunion which is
known for minimal invasive technique reports similar
bone union rates and clinical results compared to open
approach [20, 21]. However, questions about the possi-
bility of restoring carpal alignment remain [21]. Several
bone grafting techniques have been described using cor-
ticocancellous or cancellous-only grafts [1, 22—25]. Many
studies suggested that cancellous bone graft provide early
bone union and similar anatomic restoration compared
to corticocancellous bone graft [26, 27]. However, corti-
cocancellous bone grafts are associated with consistent
deformity correction and therefore it is recommended
in patients with high degree of scaphoid humpback
deformity [28]. To enhance the stability of fracture fixa-
tion, a compression screw in 1984 by Herbert and Fisher
for the treatment of scaphoid fractures [29]. Since then,
newer generations of screws, memory staple [30], and
plate [31] have been developed. Additionally, biological
factors such as platelet-rich plasma also being applied to
improve bone healing [30, 32].

Christodoulou et al. showed no statistical difference in
the time to union or union rate between IC and DR grafts

[13]. Our study also showed that the union rate and
time to union were not significantly different between
the grafts. Jarrett et al. showed comparable biomechani-
cal strength between the IC and DR bone grafts [33].
According to some authors, taking the graft from the
dorsal aspect of the DR at the Lister tubercle can be as
effective as taking it from the IC [11, 12, 24]. However,
the dorsal cortex at the Lister tubercle has a thin cor-
tex, and there is a void of the medullary trabecular bone
beneath the cortical bone, leaving only a small portion of
cancellous bone. Conversely, the anterolateral metaphysis
of the DR involves a thicker cortical bone than the dor-
sal cortex and cancellous bone is suitably dense [34]. In
our practice, all patients’ bone defect sizes after excision
of the nonunion site were within 1.5 cm, and a sufficient
amount of bone was available in the DR.

Our study showed that corticocancellous bone graft
from the anterolateral metaphysis of the DR and IC could
restore carpal alignment. Deformity can be corrected by
corticocancellous bone graft from the IC [23, 35], but
radiologic outcomes confirming the ability of deformity
correction in DR bone graft are difficult to find in the lit-
erature. According to Tambe et al., a similar postopera-
tive SLA was seen with both bone graft techniques [11].
However, there was no preoperative measurement; thus,
the degree of correction was not confirmed. Moreo-
ver, the deformity correction in some cases containing a
proximal pole nonunion could not be accurately evalu-
ated. A randomized controlled trial by Garg et al. has
demonstrated no significant difference was observed
in postoperative mean SLA (50° in DR and 54° in IC)
between the corticocancellous graft from DR and IC at
3-year follow-up [12]. According to our results, regard-
ing the capability of deformity correction evaluated with
the SLA, DR bone graft was better in restoring normal
scaphoid alignment, but there was no difference between
the RLA and ISA. To investigate the deformity and
reduction of the scaphoid itself, the SLA should be the
most effective criterion [1, 36]. However, previous studies
[37, 38] showed that among carpal alignment indices, the
RLA is the most reliable and valid carpal alignment index
for evaluating the deformities of scaphoid nonunions,
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and it correlated with clinical outcome after reconstruc-
tion. Thus, we could not verify the superiority of the cor-
rection capability of 2 bone graft sources with only SLA.

Previous studies have reported minor complications
after IC bone grafting in 7.1% to 39% of patients and
major complications in 1.8% to 10% of patients [7, 8, 39,
40]. In our study, there were no major complications in
group IC, but there were 2 cases of superficial hematoma
and 3 cases of persistent graft site pain. A possible com-
plication in graft harvesting from the anterolateral DR
is graft site fracture. In order to prevent this complica-
tion, graft was obtained 2.5 cm proximal from the radial
styloid, and the distal cut was made parallel to the artic-
ular surface of the radius [10]. Additionally, immobiliza-
tion for 6 to 8 weeks was prescribed to promote bone
ingrowth in the defect. In all cases, complete healing of
the donor site defect was observed by radiography at
6 months to 1 year later.

Herein, bone grafting of the DR was associated with
significantly shorter operative times than bone grafting
of the IC. We inferred that this finding is attributed to
the fact that the DR bone graft procedure has donor and
recipient sites in the same surgical field and preparation
of the operation is relatively simple compared with the IC
bone graft procedure. The DR bone graft technique can
reduce the time to graft harvesting, allowing the surgeon
to concentrate on the main procedure without worrying
about the tourniquet time. Moreover, regional anesthesia
is possible, which can be beneficial in selected patients
[41, 42], increase operating room efficacy [43, 44] and
enable outpatient treatment.

Our study has several limitations. First, it included a
small number of patients and had low statistical power,
thereby increasing the chance of a type II error. Second,
this was a retrospective study, not a randomized, con-
trolled trial. Thus, there may be selection bias of patient
enrollment for each surgical technique. A prospective,
randomized study that compares the two bone graft tech-
niques should be performed. Lastly, a comparison of the
effects of a brachial plexus block and general anesthesia
on postoperative subjective pain and duration of hos-
pitalization was not performed; hence, future studies
should address this topic.

In conclusion, corticocancellous bone graft from the
anterolateral metaphysis of the DR can be effectively used
to treat scaphoid unstable nonunions with humpback
deformity, with a reliable radiologic outcome and rela-
tively shorter operative time than IC bone graft.
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