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Abstract Purpose Minimally invasive techniques have been recommended in the treatment of
painful but stable scaphoid nonunions. The purpose of this study was to determine if
arthroscopically assisted bone grafting provided superior results in healing as com-
pared to percutaneous screw fixation.
Materials and Methods One hundred sixty-four consecutive patients with scaphoid
nonunions were retrospectively analyzed. One hundred forty-eight patients were treated
with the open grafting techniques either with iliac or distal radius bone, leaving 16 patients
treated with minimally invasive surgery. In the group treated percutaneously (n ¼ 8), the
time from injury to surgery was 2.5 months (range: 2–4 months) and it was 27.3 months
(range: 3–180 months) in the arthroscopic group (n ¼ 8). The mean age was 39 years
(range: 20–66) in the percutaneous group and 22 years (range: 16–32) in the arthroscopic
group. In all cases, the Mini Acutrak headless fully threaded compression screw was used.
Healing was assessed clinically and radiographically at a minimum follow-up of 12 weeks,
mean 7 months (range: 3–12 months). Data were calculated with two-tailed Mann–
Whitney U test based on p-value of < 0.05 that was considered statistically significant.
Results We recorded no complications in any of the groups. Patients treated
arthroscopically received cancellous bone grafting from the distal radius and all
patients but one healed at a median of 7.8 weeks (range: 5–18 weeks). Seven patients
in the percutaneous group healed at a mean of 10.5 weeks (range: 7–24 weeks), thus
leaving one patient from each group without achieving union. Mann–Whitney U test
showed the U value of 11, the critical value of U to be 13 (p < 0.05), thus significantly
faster healing was observed in the arthroscopically treated group.
Conclusions Arthroscopically treated patients achieved faster healing despite
shorter time to surgery in the percutaneous group. Local bone grafting is considered
as the main reason for this outcome. Younger population in the arthroscopically
treated group may have influenced the result.
Level of Evidence This is a Level III comparative study.
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The main goal in the treatment of a scaphoid nonunion is to
achieve union of the scaphoid bone, thereby restoring the
anatomy of thewrist and avoiding the occurrence of degenera-
tive changes associatedwith the natural course of the scaphoid
nonunion.1–3 Thedevelopment of ScaphoidNonunionAdvance
Collapse–Wrist, which is an irreversible, progressive chronic
collapseof the carpal bones causing pain anddiminishingwrist
strength and function of the hand, should be avoided; thus,
surgical efforts have been directed toward techniques that
enable the treatment of the scaphoid nonunion. Since the
1960s, thegold standard inthe treatmentof scaphoidnonunion
has been non-vascular grafting techniques,4 first without and
laterwithK-wires or screwfixation.Useofeither the structural
(corticocancellous) or the cancellous-only iliac bone graft (IBG)
or bone from the distal part of the radius (DRG) has been
advocated in a retrospective study of 68 patients that found no
difference in the union rate between these two graft donor
sites.5 Union rates of 66 and 67% were noted with IBG
(44 patients) and DRG (24 patients), respectively, although
IBG patients experienced donor site pain at the iliac crest in
21% of the cases. Vascular bone grafting was impressive6–9;
however, union rates varied from27 to 100%. Indeed, therewas
nodifference inunion rate, timetounion, or functional result in
a randomized trial of 80patients treatedwith either vascularor
nonvascular graft,10 and the graft failed to unite in three
patients in the vascular graft group. Promising results have
been obtainedwithminimally invasive treatments of scaphoid
nonunions, regardless of the presence of cystic formations or
small contact area. Because these treatments do not interrupt
patient’s blood supply and proprioception, faster union and
functional recovery are expected.

The union rate and healing potential with percutane-
ous11–15 and arthroscopically assisted16–20 techniques for
the treatment of scaphoid nonunion have not been discussed
at length. Indeed, comparative studies of different treatment
options are rare in the literature.10,21 Therefore, the objective
of this study was to determine whether healing achieved
using arthroscopically assisted bone grafting was superior to
that achieved using percutaneous screw fixation alone for
the treatment of scaphoid delayed unions and nonunions.

Materials and Methods

This was a retrospective analysis of 164 consecutive patients
who underwent treatment for delayed union or nonunion of
the scaphoid bone at our institution between 2007 and 2017.
The majority of patients (n ¼ 143) were treated using open
techniques and grafting, either with IBG or DRG bone
grafting options. Among the remaining patients, 5 received
vascular graft and 16 were treated using minimally invasive
techniques. The Mini Acutrac, a headless, fully threaded
compression screw system (Acumed; Hillsboro, Oregon)
was used in all cases treated using minimally invasive
techniques. For this comparative, evidence level III study,
patients were divided in two groups: the group treated
percutaneously with screw fixation only (n ¼ 8) and the
group treated with arthroscopically assisted bone grafting
(DRG) from the ipsilateral radius bone (n ¼ 8).

Patient characteristics are shown in ►Table 1. Only two
patients in the percutaneous group exhibited nonunion at
the proximal pole, whereas this nonunion was observed in
four (50%) patients treated arthroscopically (►Table 2). All
patients but onewas “missed fractures” and had not received
a regular treatment where the treatment was initiated
within the first few weeks after the injury. The only patient
who received a proper treatment was conservatively treated
with thumb/wrist immobilization for 8 weeks prior to the
surgical treatment in the arthroscopic group.

All patients were preoperatively investigated using radio-
graphic series and computed tomography (CT) images of the
wrist. The exclusion criteria for the minimally invasive
treatment included humpback deformity of the scaphoid
bone where intrascaphoid angle (ISA) on the CT long-axis
series was >45°, together with the presence of bony cysts

Table 1 Principal patient characteristics

Patients
characteristics

Percutaneous
group (n ¼ 8)

Arthroscopically
assisted group
(n ¼ 8)

Gender M/F 7/1 7/1

Age (y) 39 (20–66) 22 (16–32)

Time from injury
to treatment (mo)

2.5 (2–4) 27.3 (3–180)

Delayed union/
nonunion

8/0 4/4

Number of active
smokers

2 1

Alcohol habits
>14 units/wk (M)
>7 units/wk (F)

0 0

Medication
including
steroids

0 0

Note the difference in age, time to surgery, and the number of delayed/
nonunion cases between the groups.

Table 2 Difference between the groups regarding the location
of the nonunion, the presence of mild humpback deformity,
bony cysts, and differences in the surgical approach

Parameter Percutaneous
group (n ¼ 8)

Arthroscopically
assisted group
(n ¼ 8)

Location of the
nonunion

Proximal ¼ 2
Waist ¼ 5
Distal ¼ 1

Proximal ¼ 4
Waist ¼ 4
Distal ¼ 0

Mild humpback
deformity
(ISA angle < 45°)

n ¼ 0 n ¼ 2

Presentation of the
bony cysts <10 mm

<5 mm ¼ 2
>5 mm ¼ 2

<5 mm ¼ 4
>5 mm ¼ 3

Volar/dorsal
approach

6/2 0/8

Abbreviation: ISA, intrascaphoid angle.
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>10 mm. Two patients in the arthroscopic group were
registered with mild humpback deformity (<45°). Four
patients in the percutaneous group and seven in the arthro-
scopic group had cysts. All patients with the nonunion
presentation in the proximal pole underwent gadolinium-
enhancedmagnetic resonance imaging (MRI) preoperatively.
If the MRI findings showed signs of avascular necrosis (AVN)
of the proximal pole of the scaphoid, patients were excluded
from minimally invasive treatment and were treated either
using a vascular graft or with a salvage procedure using an
adaptive proximal scaphoid implant pyrocarbon spacer. All
patients were operated at a day-surgery center under the
lateral infraclavicular or axillary-block regional anesthesia.

Healing was assessed clinically and radiographically at a
minimum follow-up period of 12 weeks, a mean of 7 months
(range: 3–12 months). The postoperative regimen was
identical in both groups and comprised immobilization for
6 weeks (first in the thumb/wrist splint for 2 weeks, followed
by removable orthosis for another 4 weeks), allowing the
hand therapist to initiate the non–weight-bearing exercises.
Patientswere assessed clinically for scaphoid tenderness and
pain on movement and using scaphoid series radiographs
on the 6th postoperative week. The wrist was mobilized
without restriction if the union was established. If healing
could not be confirmed, the removable bellow-elbow splint
was worn for intervals of 2 to 4 weeks until union was
established. CT was performed in cases with findings of
painful wrist on clinical examination and incomplete or
lack of union on scaphoid radiographic examination
(►Fig. 1) (►Table 3). Patients were deemed functionally
cured and were fully mobilized only when the long-axis CT
reconstruction series showed healing in > 50% of bridging
trabeculae in both coronal and sagittal planes22; however,
theywere recommended to avoid contact sports or excessive
use of force until next follow-up visit. Statistical analysis was
performed using two-tailed Mann–Whitney U test. p < 0.05
was considered statistically significant. All the patients
provided written informed consent for the use of their
medical data for the purpose of this study, according to the
ethical and patient-safety standards in Denmark.

Results

There were no perioperative complications in any patient.
Minimally invasive techniques applied in this study showed
equivalent fusion rates. One patient in each group did not show
signs of healing, neither on radiographs nor on CT images; both
the patients declined further treatment due to the lack of
symptoms. In the percutaneous group (seven patients, 87.5%),
themeanhealingdurationwas10.5weeks (range:7–24weeks).
In the arthroscopic group, the mean healing duration in all
patients exceptone (87.5%)was7.8weeks (range: 5–18weeks);
healing was significantly faster than in the percutaneous group
(Mann–Whitney U test u value ¼ 11, the critical value of
U ¼ 13) (p < 0.05). In the arthroscopic group, union was
achieved within the first 8 weeks in six of seven patients, of
those six patients, union was achieved within the 6th postop-
erative week in five patients (►Table 4). Operation time was
significantly higher in the arthroscopic group (average
140 min; range: 96–197 min) than in the percutaneous group
(average 36 min; range: 10–53 min) (p < 0.05).

Discussion

Arthroscopically assisted treatment of scaphoid nonunion
has garnered considerable interest among hand surgeons
since 2006, when the original technique was introduced.23

Slade and Gillon24 have retrospectively investigated 108
scaphoid nonunion patients for a mean of 20 months from

Fig. 1 Preoperative computed tomography (CT) showing a mild humpback deformity and an intrascaphoid angle of 44° (white lines) and the
occurrence of the bony cyst > 5 mm (white arrow; A). Radiographs taken 7 weeks postoperatively showing uncertain signs of healing; the
patients had persistent pain (B). CT image obtained at 10 weeks postoperatively shows union (C).

Table 3 Assessment of the postoperative healing reflecting
daily practice

Assessment of the
postoperative
healing

Percutaneous
group
(n ¼ 8)

Arthroscopically
assisted group
(n ¼ 8)

Clinical examination þ
scaphoid radiographs

7 4

Supplementary
CT scan

1 4

Abbreviation: CT, computed tomography.
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injury to surgery; unionwas observed in 76% of themwithin
6 to 8 weeks of the surgery. However, the total mean union
time was 22 weeks, with 10 patients requiring regrafting;
among these 10 patients, there was failure to unite in four
patients after 9 months. Wong and Ho17 have reported an
overall union rate of 90.7% (mean 12 weeks) after the
treatment of 43 scaphoid nonunions; among them, six cases
had delayed union for < 6 months. In this study, proximal
pole nonunion resulted in a union rate of 78%. Kang et al19

have reported healing in 32 out of 33 arthroscopically treated
patients. Patients with AVN of the proximal pole and
humpback deformity, where ISA on CT series was >45°,
were excluded from this treatment. Other studies of arthro-
scopically assisted techniques have reported good or excel-
lent union rates and functional results.16,18,20Mahmoud and
Koptan11 have reported achieving 100% union rate in
27 patients at a mean of 12 weeks using a percutaneous
techniquewithout bone grafting where patients with hump-
back deformity did not undergo the treatment. The authors
found a correlation between the time from injury to surgery
and healing time. When time to surgery was < 1 year,
patients healed within a mean duration of 9 weeks, whereas
when time to surgery was > 1 year, patients needed a mean
duration of 12 weeks to achieve union. Moreover, it was
observed that if nonunion gap was < 5 mm in diameter, the
mean time to union was 12 weeks (mean); however, if the

cystic gap was > 5 mm, the mean time to union was
14 weeks. We could not find the above-mentioned correla-
tion in any of the groups in our study. Vanhees et al15 have
reported achieving 94% union in a case series of 16 patients
treated using a percutaneous technique where the mean
time to union was 4 months (17 weeks). Recently, favorable
results and high union rates with percutaneous techniques
have been reported in multiple studies,12–14 although the
exact time to union has not been reported in all the studies.

The major risk factors involved in the failure of treatment
for this condition are the duration between the injury and
the surgical treatment, as well as the localization of the
nonunion in the proximal pole25 (►Fig. 2). It is plausible that
in the percutaneous group in our study, both of the above-
mentioned factorsmight have been favorable, which allowed
a faster healing. Conversely, the significantly younger age of
the patients in the arthroscopic group may have provided
them with an advantage in terms of faster union. Other
features such as smoking habits, alcohol consumption, and
use of heavy medications, including steroids, did not differ
between our study groups.

Operation timewas significantly higher in the arthroscopic
group than in the percutaneous group probably due to the
learning curve of this technically more advanced method.
Shorter time to union indicates faster return towork and daily
routine in this active, young, working patient population,

Table 4 Outcomes showing the number of patients with healing/failures, time to union, and the dispersion of the union within
weeks in percutaneous and arthroscopically assisted groups

Parameter Percutaneous
group (n ¼ 8)

Arthroscopically assisted
group (n ¼ 8)

Statistical significance
(Mann–Whitney U test)

Number of unions/failures n ¼ 7/1 n ¼ 7/1

Time to union (weeks) 10.5 (mean)
(range: 7–24)

7.8 (mean)
(range: 5–18)

p < 0.05

Time to union within the weeks
(number of patients)

<6 weeks ¼ (0)
>6 < 8 weeks ¼ (4)
>8 weeks ¼ (3)

<6 weeks ¼ (5)
>6 < 8 weeks ¼ (1)
>8 weeks ¼ (1)

Fig. 2 A 32-year-old man had a 15-year-old nonunion with moderate symptoms until a recent fall from a bike, resulting in comminuted fracture
of the waist of the same scaphoid (A). He was treated using local grafting and arthroscopically assisted technique; union was achieved both at the
nonunion and fracture sites at 6 weeks (B). Status at 1-year follow-up (C).
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justifying the longer operation time of the arthroscopic
treatment. However, the operating time for the arthroscopic
technique has diminished substantially and is currently at the
level of the usual tourniquet time (90–120 min). A recent
comparative study of open and arthroscopic bone grafting,
where IBG was used in both groups, found significant differ-
ences in operating time in favor of the open technique,without
considering the time to union, whereas union rates or func-
tional results didnotdiffer between the groups. Although there
were no differences in clinical outcomes between the two
techniques, open grafting restored better carpal alignment
than the arthroscopic technique.21

Our study is not without limitations. This was a retrospec-
tive study that lacked clear inclusion criteria for the treatment
groups. Patients included in the percutaneous group were
presumed to heal faster if they were operated upon instead
of initiating a long conservative treatment for them. Arthro-
scopically treatedpatientswereestimated tobestableenough,
not requiring a structural graft to correct the humpback
deformity, on the basis of preoperative CT imaging findings.
Furthermore, the predictive value of CT measurements (i.e.,
dorsal cortical angle, ISA, height-to-length ratio, presence of
bony cysts) for determining healing rate and time in the
treatment of the scaphoid nonunion remains unknown and
warrants further investigation.

Another limitation of our study is that postoperative CT
imageswere not obtained for all cases, but preferably for cases
with persistent pain and/or caseswhere radiographic findings
regarding the state of unionwere concerning. Modern CTscan
techniques with less radiation exposure and metal artifact
reductionoptionswerenot available atour institutionat study
initiation. Inclusion of both radiographs and CT images in
defining union reflected our recent daily practice. In fact,
none of the patients who were initially proclaimed to have
achievedunion andwere fullymobilized reversed to nonunion
during the follow-up visits. Despite the relatively low number
of cases in each group in our study, the resultswere eligible for
statistical analysis using Mann–Whitney U test.

As the usual follow-up period is 2 to 4 weeks, the clinical
significance of a difference of 2.7 weeks (18.9 days), despite
achieving statistical significance, is likely to have an impact
and is avalidpoint fordiscussion. This emphasizes the need for
frequent clinical and imaging assessment of the patients in
order to avoid unnecessary immobilization and duration of
disability. Furthermore, both the groups underwent similar
clinical and imaging assessments. All patients, but one, in the
percutaneous group underwent surgery performed by the
same hand surgeon and were followed up postoperatively in
a similar fashion.

Conclusions

In this study, both percutaneously treated group with screw
fixation of delayed unions and the group treated with
arthroscopically assisted bone grafting (DRG) from the ipsi-
lateral radius bone of scaphoid nonunion achieved similarly
high union rates. Arthroscopically treated patients achieved
significantly faster healing, despite a significantly longer

time from injury to surgery and a higher presence of proxi-
mal pole nonunion and bony cysts. This was attributed to the
debridement of the nonunion site and bone grafting under
direct arthroscopic view. The results from this study showed
that healing achieved using arthroscopically assisted bone
grafting was superior to that achieved using percutaneous
screw fixation alone for the treatment of scaphoid delayed
unions and nonunions, but a larger, preferably randomized
trial for different treatment methods is warranted.
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