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Abstract

Introduction Scaphoid nonunion remains challenging for hand surgeons. Several treatment options are available such as:
non-vascularized or vascularized bone grafting, with or without additional stabilization. In the last few decades, extracor-
poreal shockwave therapy (ESWT) has become an established procedure for treating delayed and nonunions. Purpose of this
retrospective follow-up study was (a) to investigate union rate and clinical outcome of the different implants [either one/two
headless compression screws (HCS) or a plate] and (b) union rate and clinical outcome using only surgery, or a combination
of surgery and ESWT.

Materials and methods The study included 42 patients with scaphoid nonunions of the waist with a mean follow-up of
52 months. All patients received a non-vascularized bone graft from the iliac crest and stabilization was achieved by using
one, two HCS or a plate. ESWT was performed with 3000 impulses, energy flux density per pulse 0.41 mJ/mm? within
2 weeks after surgery. Clinical assessment included range of motion (ROM), pain according to the Visual Analog Scale
(VAS), grip strength, Disability of the Arm Shoulder and Hand Score, Patient-Rated Wrist Evaluation Score, Michigan
Hand Outcomes Questionnaire and modified Green O’Brien (Mayo) Wrist Score. In addition, each patient had a CT scan
of the wrist.

Results A total of 33/42 (79%) patients showed union at the follow-up investigation. Patients treated with additional ESWT
showed bony healing in 21/26 (81%) and without ESWT in 12/16 (75%). Patients that were stabilized using one HCS showed
bony healing in 6/10 (60%), with two HCS 10/12 (83%) and by plate 17/20 (85%). The ESWT group had a significantly lower
pain score according to the VAS and better modified Green O’Brien (Mayo) Score. No differences could be found in respect
of ROM, grip strength, functional outcome score depending of which stabilization method was used.

Conclusions Stabilization of scaphoid waist nonunions with two HCS or plate showed higher union rates than a stabilization
using only one HCS. In addition, ESWT combined with a nonvascularized bone graft from the iliac crest seems a suitable
option for treating scaphoid nonunions.
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Introduction

Scaphoid fractures account for 60% of all fractures of
the carpus and 10% of all hand fractures, but overall only
2-3% of all fractures [1-7]. The majority of scaphoid frac-
tures heal when treated conservatively, but nonunion is
registered in 10% of all cases [8—12].

Scaphoid nonunions are primarily treated to achieve
union, correct deformity, relieve symptoms, improve range
of motion and prevent the progression of osteoarthritis
[13—-16]. Several treatment options are available for scaph-
oid nonunions: non-vascularized bone grafting from the
iliac crest or distal radius, vascularized bone grafting with
or without additional stabilization using either K-wires,
headless compression screw (HCS) or plate [17-21].

Plate fixation in scaphoid nonunion was first introduced
by Ender 1977, using the so-called scaphoid-beaked plate
[22]. The distal fragment is stabilized by a screw, and the
proximal by a staved hook. The Ender plate simultane-
ously joins the bone fragments together whilst applying
compression on the impacted bone transplant [23, 24].
Recently, several different scaphoid plates have been
developed and some authors have published their studies
in the literature [17, 22-24].

In the last few decades extracorporeal shock wave ther-
apy (ESWT) has gained importance in the treatment of
nonunions [25]. Union rates using only ESWT are reported
to range between 50% and 85% [26]. Schaden et al. [27]
reported a union rate in treatment of 115 delayed and
nonunion of 85% and especially in scaphoid nonunions
of 67%. Wang et al. [28] used a combination of surgery
and ESWT in a randomized controlled trial focusing on
acute long-bone fractures, and registered a significantly
higher rate of fracture healing in patients who received
both treatments.

However, the effects of ESWT on bone are not yet com-
pletely researched [27]. ESWT causes a significant neovas-
cularization in the treated tissue, up-regulation and expres-
sion of various pro-angiogenic and pro-osteogenic growth
factors. As shown in recent publications, the shockwave
exerts a positive impact on the migration of stem cells
[29-34].

The aim of this retrospective follow-up study was two-
fold: (1) to compare union rate and clinical outcome of the
different implants (either one/two HCS or a plate) and (2)
to investigate union rate and clinical outcome using only
surgery, or a combined treatment of surgery and ESWT.
The null hypothesis presupposed no significant differences
in union rate and clinical outcome between one/two HCS
or plate and patients treated with or without additional
ESWT after surgery.
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Materials and methods
Location and eligibility criteria

Institutional review board approval was obtained for this
retrospective follow-up study. It included all scaphoid
nonunions treated with a nonvascularized bone graft from
the iliac crest from 2002 to 2014. Because the literature
reported such promising results, some surgeons started
in 2010 to use ESWT 2 weeks after surgery in a partner
hospital.

Scaphoid nonunions were classified according to the cri-
teria of Herbert and Krimmer [35, 36] using the primary CT
Scans. Two hand surgeons, who were blinded to the treat-
ment of the patients, carried out the classification process.
Inclusion criteria were: (1) age equal or older than 18 years;
(2) nonunion of the scaphoid at the waist; (3) CT scan prior
to surgery; (4) nonunion of the scaphoid with a minimum
interval between injury or last operative/nonoperative inter-
vention of 6 months [18]; (5) treatment by non-vascular-
ized bone graft from the iliac crest; (6) stabilization with
either one or two HCS or a plate. Exclusion criteria were
(1) younger than 18 years of age; (2) additional injuries to
the hand; (3) pregnancy and (4) proximal pole nonunions.

All patients were treated surgically at the same Euro-
pean Hand Trauma Center, validated by the Hand Trauma
Committee of the Federation of European Societies for
Surgery of the Hand.

Surgical procedure

The patients underwent surgery in a supine position under
regional or general anesthesia. The arm was placed on a
radiolucent table, and the image intensifier positioned cra-
nially. A pneumatic tourniquet was applied to the proximal
end of the arm and inflated to 250 mmHg.

A palmar approach between the flexor carpi radialis
(FCR) tendon and the radial artery was used to access the
scaphoid directly. The FCR tendon was retracted ulnarly,
the radiopalmar ligaments were dissected and the scaphoid
exposed. Hohmann hooks were placed on either site of the
scaphoid and the nonunion exposed. Fibrous and necrotic
tissue was removed and a palmar cortical window cut into
the bone, thus the remaining sclerotic and fibrous tissue
could be debrided using a slow rotating spherical burr.
After preparation of the nonunion side, scaphoid length
and shape was restored. To reduce the fragments anatomi-
cally, two 1.2-mm K-wires were inserted perpendicularly
into each fragment and used as joysticks.

Once the scaphoid was aligned, two special HCS guide-
wires were inserted distally, drilled preferably parallel and
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along the central axis of the scaphoid up to the subchon-
dral bone. Correct positioning of the K-wires was con-
firmed under fluoroscopy.

The cancellous bone was harvested from the iliac crest
using standard procedure and used to fill and manually
impact the bone defect in the scaphoid. Using the image
intensifier ensured the complete filling of the cavity with the
cancellous bone graft. After determining the screw length,
a non-reamed 3.0-mm HCS was inserted and the other anti-
rotation K-wire removed. The screw length was measured
precisely and positioned 2 mm below the articular cartilage.

In the case of two HCS (2.2 mm), the second screw was
placed over the additional anti-rotational K-wire. Due to the
increased rotational stability achieved in the double screw
technique, a central placement of the screws is not always
possible or even necessary [37]. If one HCS is used, central
placement is mandatory to maximize stiffness and load to
failure. We agree with Dodds et al. [38] and McCallister [39]
that longer screw lengths significantly increase stability and
as Garcia et al. [40] we also aimed to achieve the longest
possible screw length without cortical penetration.

In plate stabilization, after filling and impacting the can-
cellous bone graft, the plate was placed on the palmar aspect
of the scaphoid. Under image intensification, the correct
positioning of the plate was maintained by temporarily affix-
ing it to the scaphoid with two K-wires. The screw length
was determined, and after reaming, the screws were inserted.
Care was taken to ensure that the screws did not protrude at
the articular surface. Finally, all K-wires were removed and
the palmar capsule closed with resorbable sutures. The skin
was closed in standard fashion.

For the following 8 weeks, all patients were immobilized
with either a below-elbow cast or thermoplastic splint with
thumb inclusion.

Extracorporeal shockwave therapy

All patients in the ESWT group were referred to our partner
hospital for one session of ESWT within 2 weeks post-sur-
gery. The ESWT was carried out under general or regional
anesthesia because of the pain incurred. The pronated arm
was positioned over the image intensifier and the scaphoid
nonunion localized. Sterile ultrasound gel was then applied
to the overlying skin to reduce refractation. The center of the
shock wave targeting device (the focal point) was positioned
to direct the shock waves directly onto the nonunion site.
Shockwaves were applied over three points on the exten-
sor site as well as the entire proximal pole of the scaphoid
(Fig. 1). High-energy shock waves were administered with
3000 impulses, an energy flux density of 0.41 mJ/mm?,
and a frequency of 4 Hz (Orthowave 280, MTS, Konstanz,
Germany).

Fig.1 ESWT performed in general or regional anesthesia within
2 weeks after surgery with 3000 impulses, energy flux density per
pulse 0.41 mJ/mm?

After the ESWT treatment, the splint/cast was again
applied for the remainder of 8 weeks.

Outcome evaluation

The assessment included a clinical examination and verifica-
tion using a computed tomography (CT) scan. All CT scans
were performed at our institute and the results analyzed by
two hand surgeons (C.P., T.B.) with regard to the follow-
ing criteria: union was calculated according to Grewal et al.
[41], postoperative osteoarthritis, DISI deformity, humpback
deformity, and a SNAC wrist [42]. A humpback deformity
was measured according to the height-to-length (H/L) ratio
described by Bain et al. [43], an H/L greater than 0.65 was
defined as a malalignment. DISI deformity was measured by
the capitolunate (CL) angle in the lateral CT scans. An angle
greater than 30° was considered as a DISI deformity [44].
Grade of postoperative osteoarthritis (POA) was staged in
stage 0 (none), stage 1 (mild beaking of the radius without
involvement of the radioscaphoid joint), stage 2 (narrowing
of the radioscaphoid joint space), and stage 3 (loss of the
radioscaphoid joint space) [45].

The following data were collected for statistical and clini-
cal analysis: age, gender, range of motion (ROM), visual
analog scale [VAS; ranging from O (no pain) to 10 (worst
possible pain)], grip strength in kilograms (Jamar, Sammons
Preston Rolyan, Mississauga, Ontario, Canada), date of acci-
dent, surgery and final check-up.

The patient’s self-assessment by patients was registered
on the Disability of the Arm, Shoulder and Hand (DASH)
score (0-100 points) [46], the Patient-rated Wrist Evalua-
tion (PRWE) (0-100 points) [47] and the Michigan Hand
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Outcomes Questionnaire (MHQ) (0-100 points) [48]. In
addition, the modified Green O’Brien (Mayo) Wrist score
(0-100 points) [49] was used.

Statistical methods

Shapiro test was used to test the assumption of normal dis-
tribution of scaled parameters. Since this assumption could
not be upheld, the outcome was analyzed non-parametrically
using Mann—Whitney U test to compare differences between
the two groups with and without ESWT treatment. To com-
pare scaled parameters between one, two HCS or plate, the
Kruskal-Wallis test was used. If Kruskal-Wallis test was
significant, post hoc analysis was performed by using the
Mann—Whitney U test.

Fisher’s exact test was used for nominal parameters to
determine differences in frequency distribution between the
two groups.

Union rates were compared by calculating 95% confi-
dence intervals, whereas non-overlapping intervals indicated
a significant difference at the 5% level. Threshold for statisti-
cal significance was p <0.05.

Patients characteristics

A total of 58 scaphoid nonunions that matched the inclusion
criteria were invited to attend the follow-up investigation.
Of these, 13 patients were unavailable and three declined
to attend the follow-up investigation. Therefore, the final
clinical and radiological analysis totaled 42 (40 men and 2
female) patients with a mean age of 32 (range 18-71) and
mean follow-up interval of 52 months (range 4-144). Mean
interval between injury and surgery of the nonunion was 29
(range 6-175) months. 27 of 42 (64%) patients presented
with either non-diagnosed fractures or those that failed to

heal conservatively. 15/42 (36%) developed a nonunion
despite previous surgery.

Twenty-six (62%) were also treated with additional
ESWT within 2 weeks after surgery with a mean age of
31 (range 18-71) years and follow-up interval of 29 (range
4-67) months and 16 (38%) only had surgery with a mean
age of 34 (range 18—48) years and follow-up interval of 97
(range 32-144) months. No significant differences could
be found in either age (p =0.24) and gender distribution
(»p=0.52) or time elapsed between injury and surgery of
the nonunion (21 months ESWT group versus 42 months
without ESWT group; p=0.34). Follow-up interval was sig-
nificantly higher in the group without ESWT (p <0.001).
No significant difference was found regarding the primary
treatment of the scaphoid fracture between the group with
and without ESWT. 9/26 (35%) were previously treated sur-
gically in the ESWT group and 6/16 (38%) in the group
without ESWT (p=0.55).

Detailed demographic data are presented in Table 1.

A total of 10 patients were stabilized with one HCS,
12 with two HCS and 20 using an angular stable scaphoid
plate. In the ESWT group four patients were stabilized with
one HCS, nine with two HCS and 13 with an angular stable
plate. In the group without ESWT, six were stabilized with
one HCS, three with two HCS and seven with an angular
stable scaphoid plate. No significant differences were found
regarding the stabilization methods between the groups
(p=0.22). The mean interval between injury and surgery of
the nonunion (one HCS: 31 months, two HCS: 26 months,
plate: 30 months; p> 0.05) and follow-up intervals did not
differ significantly between the groups (p > 0.05).

Detailed demographic data are given in Table 2.

Table 1 Demographic and

. . ESWT group (n=26) Without ESWT group  p value

radlol(}glcal. data [rpean (range, (n=16)

SD)], in patients with scaphoid

nonunion treated with or Demographic data

without ESWT Sex (female/male) 2024 0/16 N. S
Age (years) at the time of injury 31 (18-71, 13) 34 (1848, 10) N.S
Right/left hand 16/10 4/12 0.02
Dominant hand 15/26 5/16 N.S
Interval injury and surgery (months) 21 (6-84, 17) 42 (6-175, 20) N.S
Follow-up interval (months) 29 (4-67, 17) 97 (32-144, 36) <0.001
Radiological data
Union [union/nonunion (%)] 21/5 (81) 12/4 (75) N.S
H/L ratio 0.7 (0.4-0.9, 0.1) 0.7 (0.5-0.9, 0.4) N.S
CL angle (°) 17 (2-35, 10) 16 (1-27,8) N.S

SD standard deviation, ESWT extracorporeal shock wave therapy, H/L height to length ratio, CL capitolu-
nate, N.S. not significant by a threshold of p < 0.05
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Table 2 Demographic and One HCS (n=10) Two HCS (n=12) Plate (n=20) p value

radiological data [mean (range,

SD)], in patients with scaphoid Demographic data

;"(rj‘;‘gfglztébihzed by one, two - ger (female/male) 0/10 111 1719 N.S
Age (years) at the time of injury 34 (18-55, 14) 32 (18-71, 15) 32 (2048, 9) N. S
Right/left hand 9/1 10/2 17/3 N.S
Dominant hand 4/10 7/12 9/20 N.S
Interval injury and sur- 31 (6-123, 35) 26 (6-174, 48) 30 (6-94, 24) N.S

gery (month)
Follow-up interval (month)
Radiological data
Union [union/nonunion (%)]
H/L ratio
CL angle (°)

73 (10-144,55) 51 (8-116,33) 45(4-143,42)  N.S

6/4 (60) 10/2 (83) 17/3 (85) N.S
0.9 (0.6-0.9,0.4) 0.7 (0.4-0.9,0.1)  0.7(0.4-0.9,0.1) N.S
14 (1-32, 10) 18 (3-35,9) 17 (2-34, 9) N.S

SD standard deviation, H/L height to length ratio, CL capitolunate, HCS headless compression screw, N.S.
not significant by a threshold of p < 0.05

Results

79% (33/42) of the scaphoid nonunion showed bony heal-
ing at the final check-up. Nonunion persisted in the remain-
ing 9/42 patients. Seven of the nine patients were pain-free
and refused any further treatment, one had a proximal row
carpectomy and the other patient a four-corner arthrodesis
procedure.

Mean range of motion in extension/flexion was 144 (SD
33)°, in supination/pronation 172 (SD 23)° and in radial/
ulnar deviation 48 (SD 9)°. In mean, patients regained 88%
of ROM in extension/flexion, 96% of supination/pronation
and 87% of radial/ulnar deviation compared to the uninjured
hand. Grip strength was in mean 40 kg or 84% of the unin-
jured hand. Pain according to the VAS was in mean 1.27
(SD 1.95)°. DASH Score was in mean 12.6 (SD 15.4) points,
PRWE Score 15.6 (SD 19.4) points and the MHQ 83.4 (SD

17.7) points. Compared to the uninjured hand patients had
87% of the MHQ on the injured hand. The Mayo Wrist Score
showed a “good” clinical outcome with a mean of 83 (SD
16.0) points.

With or without ESWT

The ESWT group presented 21/26 (81%) healed scaph-
oid nonunions, whereas the group without ESWT showed
union in 12/16 (75%) patients (p > 0.05). Pain according
to the VAS (p=0.02) was significantly lower and modified
Green O Brien score higher in the ESWT group (p=0.01)
than in the group without ESWT. Patients in the ESWT
group showed with a mean of 89 (SD 12) points a “good”,
whereas the group without ESWT had only a “fair” out-
come, and a mean of 72 (SD 17) points in the Green
O’Brien score.

Table 3 Mean (range, SD)
range of motion (°) in patients

with scaphoid nonunion treated
with or without ESWT

ESWT group (n=26) Without ESWT group p value
(n=14%)
Extension (°) 70 (30-90, 17) 76 (20-90, 22) N.S
Flexion (°) 73 (30-90, 15) 73 (30-90, 19) N.S
Extension/flexion (°) 142 (80-180, 30) 147 (50-180, 37) N.S
Supination (°) 88 (81-90, 5) 81 (20-90, 21) N.S
Pronation (°) 87 (50-90, 8) 85 (30-90, 16) N.S
Supination/pronation (°) 175 (140-180, 10) 166 (50-180, 36) N.S
Radial deviation (°) 11 (5-20, 3) 12 (5-20, 5) N.S
Ulnar deviation (°) 36 (10-45, 8) 38 (25-45, 6) N.S
Radial/ulnar deviation (°) 47 (15-60, 9) 50 (35-65,9) N.S

SD standard deviation, ESWT extracorporeal shock wave therapy, N.S. not significant by a threshold of p <

0.05

*Two of the 16 patients without ESWT underwent proximal row carpectomy and four-corner-arthrodesis.
Due to this clinical follow up was not possible
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Table 4 Pain, scores and grip
strength at follow-up [mean
(range, SD)] in patients with
scaphoid nonunion treated with
or without ESWT

Table 5 Mean (range, SD)
range of motion (°) in patients
with scaphoid nonunion
stabilized by one, two HCS or
plate

Table 6 Pain, scores and grip
strength at follow-up [mean
(range, SD)] in patients with
scaphoid nonunion stabilized by
one HCS, two HCS or plate

@ Springer

ESWT group (n=26) Without ESWT group p value
(n=14%
Pain on VAS scale (0-10 pts) 0.6 (0-3.0, 1.1) 2.5 (0-8.0, 2.6) 0.01
DASH score (0-100 pts) 10 (040, 12) 17 (0-53, 20) N.S
PRWE score (0-100 pts) 11 (044, 14) 24 (0-74, 26) N.S
MHQ injured hand (0-100 pts) 87 (58-100, 12) 76 (33-100, 24) N.S
MHQ healthy hand (0-100 pts) 97 (75-100, 7) 92 (75-100, 10) N.S.
Mayo score (0-100 pts) 89 (60-100, 12) 72 (35-90, 17) 0.01
Grip strength injured hand (kg)* 39 (8-53, 12); 87 42 (6-68, 16); 77 N.S

SD standard deviation, ESWT extracorporeal shock wave therapy, pts points, DASH disability of the arm,
shoulder and hand score, PRWE patient-rated wrist evaluation, MHQ Michigan Hand Outcomes Question-
naire, Mayo Score modified Green O“Brien (Mayo) Wrist Score, N.S. not significant by a threshold of p <
0.05

*Mean (range, SD); percentage of the uninjured hand

*Two of the 16 patients without ESWT underwent proximal row carpectomy and four-corner-arthrodesis.
Therefore, clinical follow-up was discontinued

One HCS (n=8%)  Two HCS (n=12)  Plate (1=20) p value
Extension (°) 77 (45-90, 19) 65 (20-90, 22) 73 (50-90, 16) N.S
Flexion (°) 80 (50-90, 15) 71 (30-90, 17) 71 (30-90, 16) N.S
Extension/flexion (°) 157 (95-180, 34) 136 (50-180, 39) 144 (80-180, 28) N.S
Supination (°) 81 (20-90, 25) 88 (75-90, 5) 86 (45-90, 11) N.S
Pronation (°) 83 (30-90, 21) 89 (80-90, 3) 87 (50-90, 9) N.S
Supination/pronation (°) 164 (50180, 46) 176 (155180, 7) 173 (135-180,15)  N.S
Radial deviation (°) 14 (5-20, 6) 11 (10-20, 3) 11 (5-20, 3) N.S
Ulnar deviation (°) 38 (20-45, 9) 35 (20-45, 8) 27 (10-45, 8) N.S
Radial/ulnar deviation (°) 52 (35-65, 10) 46 (30-55, 8) 48 (15-60, 9) N.S

SD standard deviation, HCS headless compression screw, N.S. not significant by a threshold of p < 0.05

*Two of the 10 patients stabilized by one HCS had a proximal row carpectomy and the other a four-corner-
arthrodesis. Therefore, clinical follow up was not possible

One HCS (n=8% Two HCS (n=12) Plate (n=20) p value
Pain on VAS scale (0-10 pts) 0.6 (0-4.5, 1.6) 0.8 (0-4.5,1.4) 1.9 (0-8.0,2.2) N.S
DASH score (0-100 pts) 10 (0-53, 19) 11 (0-53, 16) 15 (043, 14) N.S
PRWE score (0-100 pts) 11 (0-64, 22) 11 (0-55, 16) 20 (0-74, 20) N.S
MHQ injured hand (0-100 pts) 86 (33-100, 23) 87 (53-100, 15) 80 (43-100, 17) N.S
MHQ healthy hand (0-100 pts) 94 (75-100, 10) 95 (81-100, 9) 95 (75-100, 8) N.S
Mayo score (0-100 pts) 86 (35-100, 22) 86 (50-100, 16) 80 (50-100, 14) N.S
Grip strength injured hand (kg)* 41 (6-56, 16); 84 37 (6-52, 13); 87 41 (8-68,13); 82 N.S

SD standard deviation, pts points, HCS headless compression screw, DASH disability of the arm, shoul-
der and hand score, PRWE patient-rated wrist evaluation, MHQ Michigan Hand Outcomes Questionnaire,
Mayo Score modified Green O Brien (Mayo) Wrist Score, N.S. not significant at a threshold of p < 0.05
*Mean (range, SD); percentage of the uninjured hand

*Two of the 10 patients stabilized with one HCS had a proximal row carpectomy and the other a four-
corner-arthrodesis. Therefore, clinical follow up was discontinued
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Fig.2 20-year-old man, injury to his dominant right hand in Decem-
ber 2009. a The patient was initially treated in another hospital after
injuring his right hand. X-rays showed a scaphoid fracture with bony
avulsion. b X-rays after stabilizing the scaphoid fracture with one
HCS 10 days after injury. ¢, d CT scans in October 2010 (10 months
after surgery of the scaphoid fracture) showing a scaphoid nonunion
with loosening of the screw and a humpback deformity. e Follow-up
surgery in December 2010 using a nonvascularized bone graft from
the iliac crest and K-wire stabilization (11 months after the primary

No significant differences could be found between the
groups in ROM, grip strength, DASH score, PRWE score,
MHQ, H/L ratio or CL angle.

Detailed information is presented in Tables 1, 3 and 4.

Stabilization with one, two HCS or angular stable
scaphoid plate

Patients stabilized with one HCS showed 6/10 (60%), with
two HCS 10/12 (83%) and with a scaphoid plate 17/20
(85%) union. No significant differences could be found
regarding union rates between the groups (p > 0.05).

No significant differences could be found between the
groups with respect to VAS, ROM, grip strength, PRWE
Score, DASH Score, MHQ, H/L ratio and CL angle.

Detailed information is shown in Tables 2, 5 and 6.

Three patient examples are given in Figs. 2, 3 and 4.

surgery). f, g Patients attended our outpatient clinic in June 2011
(6 months post-operatively of the nonunion) CT scan showed no bony
healing and K-wire loosening. h—k Scaphoid nonunion was stabilized
with a plate and nonvascularized bone graft from the iliac crest at our
hospital (December 2011; 24 months after primary injury) and also
ESWT within 2 weeks. At the follow-up the X-rays and CT scans of
the scaphoid showed bony. 1 Intraoperative view with an angular sta-
ble scaphoid plate

Discussion

Scaphoid nonunion continues to be challenging for hand
surgeons and when it occurs, has considerable conse-
quences in patient’s hand function. Studies focusing on
the long-term outcome after scaphoid nonunion showed
that the natural history includes progression to arthritis
and wrist pain in the majority of the patients over time
[50-57]. Therefore, main aim of treating scaphoid non-
union is to achieve union, correct the deformity, relieve
symptoms, improve the range of motion, and prevent pro-
gression of osteoarthritis [13, 14, 58].

The limitations of the present study need to be consid-
ered before interpretation. Firstly, it was a retrospective
follow-up investigation, therefore not randomized. Indica-
tions for ESWT were established by two of the authors, as
they used ESWT in all of their treated patients since 2010
ESWT. Due to the limited inclusion criteria, the sample
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Fig.3 21-year-old man, injury to his dominant right hand. a—d
Patient attended our outpatient clinic, 35 months after a fall on his
right hand. Initially he did not seek help. His CT scan and MRI
showed a nonunion of the scaphoid with cyst formation and hump-
back deformity. e The scaphoid nonunion was treated with a nonvas-

size comprised 58 patients of which 16 were excluded for
various reasons.

This study included three different types of stabiliza-
tion methods as well as an additional subdivision of two
groups (with ESWT group versus without ESWT group).
Therefore, the analysis of the different outcomes in bony
healing depending on ESWT and fixation method neces-
sarily became small groups. Even the descriptive analysis
would have shown no conclusive results because of the
small sample size. This also accounted for the fact that no
significant differences could be determined when compar-
ing union rate between with/without ESWT, or stabiliza-
tion method. To prove a difference between a union rate
of 88% and 91%, conclusively, 3.400 patients (80% power
and 5% significance level) are mandatory [59]. Therefore,
many more case series are required to qualify for system-
atic reviews.

It is also not possible to make any valid statements
regarding the time to union in the different groups because
not all patients were followed up continually (some of the
patients only returned on request) and there was no stand-
ard follow-up protocol. Conclusive data on improvement of
range of motion, grip strength or functional outcome scores
were also not possible as no reference value was established

@ Springer

cularized bone graft from the iliac crest and double HCS fixation.
Additionally, the patient received ESWT within 2 weeks after sur-
gery. f-m X-rays and CT scans at follow-up showing the bony healing
of the scaphoid nonunion and stabilization with the two HCS

prior to surgery. Because of the promising results in the lit-
erature [27], some of the authors in this study started to use
ESWT in addition to surgery in 2010. Thus, the follow-up
interval was significantly higher in patients treated without
ESWT, which could have impacted on the significant higher
pain and poorer modified Green O” Brien score in the group
without ESWT.

Surgical treatment of scaphoid nonunion was first
described by Adams et al. [60] in 1928. However, it was
Matti and Russe’s technique that changed the overall view on
bone grafting. Only after introduction of the headless bone
screw by Herbert and Fisher in 1984 [36] did the treatment
of scaphoid fractures and nonunions become revolutionized.
Whipple and other surgeons, modified the screw into the
HCS and thus made percutaneous treatment possible [61,
62]. The advantages lie in a minimal invasive percutaneous
approach. Displaced scaphoid fractures and nonunions are
typically treated with a single variable-pitch compression
screw. Therefore, many authors consider non-vascularized
bone grafting and internal screw fixation as the standard
therapy in treating scaphoid nonunions to date [63, 64].

Looking at the multidirectional movement of the scaph-
oid during extension/flexion, radial/ulnar deviation and
dart-throwing motion, it is easily conceivable, that a single
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Fig.4 33-year-old man, injury to his dominant right hand. a—c
Patient arrived at our outpatient clinic after 8 months, complaining
of pain in his right wrist without any recollection of an accident.
X-rays and CT scans showed scaphoid nonunion. d, e The nonunion

screw may not provide total stability, especially against
rotational forces [40, 65, 66]. Bending strength and resist-
ance is biomechanically well researched in the literature,
but only few studies have focused on rotational stability.
Jurkowitsch et al. showed in a recent biomechanical study
that stabilization of scaphoid waist fractures using two
HCS or scaphoid plate has a significantly higher resistance
against rotational forces than using only one HCS [67].
Mandaleson et al. compared one, two HCS and scaphoid
plate in load to failure in a scaphoid nonunion model and
found a significantly greater stability, stiffness and energy
absorption when stabilizing with two HCS and scaphoid
plate than when using only one HCS. Additionally, they
found out that the main mode of failure in one HCS was
a rotational failure. As in the study by Jurkowitsch et al.
[68], no significant differences could be found between
two HCS and scaphoid plate fixation. Other biomechanical
studies also tested load to failure between screw and plate
fixation. They showed similar results between screw and
plate fixation, but plate fixation proved superior to screw
fixation in gap recovery after applied load to failure and
in osteopenic bone [69, 70].

was treated with a nonvascularized bone graft from the iliac crest and
stabilized by a plate plus ESWT treatment. f, g CT scan at follow-
up showing the healed scaphoid nonunion. The plate was removed
9 months after surgery due to the persisting restriction in wrist flexion

Aiming to increase rotational stability, several authors
started using derotational K-wires [71, 72]. Garcia et al. did
a retrospective review on 19 patients that were treated by
two HCS to increase the rotational stability. In all cases, evi-
dence for clinical and radiological bone union after a mean
of 3.6 months could be reported [40]. Similarly, another
study reported higher union rates in unstable scaphoid type
B2 fractures, when stabilized with two HCS compared to
one HCS [37].

Screw fixation of scaphoid nonunions is more suitable
in waist fractures with minimal bone loss. Recent studies
reported technical difficulties especially in cases of nonun-
ions with palmar bone defects and small proximal pole frag-
ments [73]. Another disadvantage is the bone graft extru-
sion whilst inserting the screw and therefore the use of a
small impactor is recommended during screw insertion [74,
75]. As a result, some surgeons started using plates in the
fixation of scaphoid nonunions. The Ender plate, the first
plate used for scaphoid fixation, was first published in 1977
[22]. Huene and Stankovic used the Ender plate in scaphoid
nonunions and both achieved a union rate by 95% [23, 24].
Plates have been developed and further improved since the
Ender plate. Braun et al. and Ghoneim used a buttress plate
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for stabilization of scaphoid nonunions including a non-
vascularized bone graft from the iliac crest. They reported
a union rate of 93 and 94% [64, 76]. Leixnering et al. [17]
reported a 100% union rate in 11 patients that were treated
with a plate for scaphoid nonunion. Nowadays, low-profile
plates with angular stable screw fixation systems are avail-
able [77]. Dodds et al. [77] treated nine patients with recalci-
trant scaphoid waist nonunion using plate fixation and volar
carpal artery vascularized bone grafting, they reported union
in eight of nine (88%) patients.

Generally, the union rates for non-vascularized bone
grafting are reported to range between 80 and 90% [13], yet
the union rates do not differ significantly if harvested from
either the distal radius or iliac crest (89% distal radius, 88%
iliac crest) [59]. In 2012 Garg et al. [78] published a pro-
spective randomized trial comparing nonvascularized bone
grafting from the iliac crest and distal radius. Both graft
types showed union at about 87% and no significant differ-
ences in ROM and functional scores. Patients presenting
with scaphoid nonunion for longer than 1 year were excluded
from this study, and therefore mean duration between injury
and surgery was 4.5 months in the distal radius group and
5.4 months in the iliac crest group. A 79% union rate was
shown in this study, and ROM in extension/flexion and grip
strength was slightly better in the study by Garg et al [78].
This may be due to the fact, that interval between injury
and surgery of the scaphoid in this study, was clearly longer
with a mean of 29 months. Schreuder et al. retrospectively
reviewed 18 scaphoid nonunions using a nonvascularized
bone graft from the iliac crest. They showed union in 13/18
(72%) of the nonunions. The mean interval between injury
and surgery of 27 months was comparable, but they also
included patients with a shorter than 6-month interval. In
comparison this study showed marginally higher union rates
when treated with ESWT and two HCS or scaphoid plate.
ROM, grip strength, DASH Score and PRWE Score were
similar in both studies [79].

Extracorporeal shockwave therapy has been an established
procedure for a few decades now, showing union rates from 50
to 85% [26]. The effects of ESWT on bone are poorly inves-
tigated. The current hypothesis is based on the induction of
osteogenesis through stimulation of angiogenesis, release of
growth factors and subsequent callus formation [80]. Several
studies showed that ESWT leads to cell membrane hyperpo-
larization, followed by an increased release of growth factors.
ESWT also increases oxygen radicals, which leads to induc-
tion of growth factors and the differentiation of mesenchymal
cell towards osteoprogenitors. In addition, ESWT stimulates
the migration of mesenchymal stem cells into the treated tis-
sue. These processes culminate to intensify the blood supply
to the treated tissue [29-33]. In an animal study, Wang et al.
investigated the effects of ESWT on bone healing in rabbits
with femoral fractures. They were treated with ESWT and
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results showed significantly better bone strength, more corti-
cal bone formation, more numerous neo-vessels, and a rise in
angiogenic and osteogenic growth markers. One can therefore
conclude that ESWT improves bone healing through greater
neovascularization and up-regulation of angiogenic and osteo-
genic growth factors [81].

Wang et al. were the first to describe the effects of com-
bined surgery and ESWT in displaced diaphyseal fractures of
the femur and the tibia; the patients received ESWT imme-
diately after surgery. Union rates were significantly better in
those who received both treatments than in the surgery-only
group [28]. Cacchio et al. prospectively randomized patients
with hypertrophic long-bone nonunions into two ESWT
groups and one surgery group. Union rates after 6 months
were 70% and 71% in the two ESWT groups, and 74% in the
surgery-only group; the difference was not significant. At 6 and
12 months the DASH Score and VAS Score were significantly
better in the ESWT groups than in the surgery-only group [82].
According to many clinical studies, the effectiveness of ESWT
depends on the type of nonunion: hypertrophic nonunions
treated with ESWT are associated with higher success rates
than atrophic nonunions [25].

Very few studies exist that focus on the effects of scaphoid
nonunion and ESWT. In 21 scaphoid nonunions, Schaden
et al. [27] achieved union in 14 of 21 cases treated only with
ESWT. In a recent randomized controlled trial, Notarnicola
et al. compared scaphoid nonunions treated only with ESWT
and the other group, surgically with the Matti—Russe’s tech-
nique. They registered a union rate of 79% in the ESWT
group and 78% in the operatively treated group, respectively.
At the 12-month follow-up, no significant differences were
shown between the two groups regarding union and func-
tional outcome [83].

Despite the limitations of the study, patients with ESWT,
two HCS or plate stabilization showed similar results to
patients with one HCS or without ESWT. One can only
assume that these differences could reach statistical sig-
nificance in bigger study groups. In our opinion ESWT
increases vascularity in the treated tissue and stabilization
with two HCS or plate, increases rotational stability and
therefore new vessel formation is protected.

More studies comprising larger patient populations—
especially multicenter prospective randomized trials—are
needed to confirm the positive effects of a combined treat-
ment. Further studies should also be carried out to confirm
the higher union rates attained when using a scaphoid plate
or two HCS.
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Conclusions

The results of this retrospective study suggest that a sta-
bilization by two HCS or scaphoid plate provides higher
unions rates than a stabilization by one HCS and a combina-
tion of ESWT and surgery is suitable in treating scaphoid
nonunions.
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