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Surgical outcomes of scaphoid fracture osteosynthesis
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The scaphoid is vital for the proper mechanics of wrist
function. Scaphoid fractures account for two-thirds of
all carpal fractures.!"? The most common mechanism
of injury is a fall of an outstretched arm/hand with
an axial impact on a pronated, ulnar-deviated, and
hyper-dorsiflexed wrist.””

A single headless compression screw fixation
along the central longitudinal axis of the scaphoid
is the most commonly used surgical technique for
scaphoid fractures.” Screw removal rates of 3 to
14% have been reported after scaphoid surgeries
in the literature.’”) Implant removal after fixation
with titanium implants is a challenging clinical
problem in orthopedic surgery. Therefore, absorbable
implants have been evaluated for years. Absorbable
implants have been introduced in orthopedic surgery
to prevent potential complications related to implant
removal. Most of the bioabsorbable implants used
currently are polymer-based implants.® However,
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ABSTRACT

Objectives: This study aims to evaluate the mid-term functional
and radiological outcomes of magnesium-based screws in the
treatment of scaphoid fractures.

Patients and methods: Between February 2015 and February
2018, a total of 21 patients (18 males, 3 females; mean age:
28.5+5.8 years; range, 19 to 39 years) with acute scaphoid waist
fractures who underwent fracture fixation with biologically
degradable magnesium-based compression screws were
retrospectively analyzed. Fractures were classified according
to the Herbert and Fisher classification. The absence of pain on
palpation and painless active range of motion were accepted as
the signs of union.

Results: The mean follow-up was 43.3£5.3 (range, 36 to 52)
months. According to the Herbert and Fisher classification,
nine patients had type Bl and 12 patients had type B2 scaphoid
fractures. Union was achieved in all cases. The mean time
to union was 11.2+1.5 (range, 9 to 14) weeks. The mean grip
strength, flexion, and extension were 43.57°, 73.57°, and 76.43°,
respectively. The grip strength, pinch strength, and range of
motion of the operated side were evaluated at the final follow-up
visit and compared with the contralateral side (control group). No
complication occurred. Any screw was not removed.

Conclusion: Magnesium-based compression screws can be safely
used for acute scaphoid fractures considering their favorable
functional and radiological results.

Keywords: Absorbable implants, fracture fixation, internal fixation,
magnesium, scaphoid bone.

many undesirable reactions and complications, such as
osteolysis, foreign body reaction, and cyst formation,
have been described using these implants.®” Due to
these reasons, magnesium (Mg)-based implants, which
are involved in bone structure and bone metabolism,
have been developed. The degradation products of
these implants are not toxic. Other advantages of
these implants include high stability, osteoconductive
effect, infection-inhibiting effect, and fewer artifacts
in computed tomography (CT) or magnetic resonance
imaging.l-13!
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Several studies have reported reliable clinical
results regarding the Mg screws used in many
orthopedic surgeries,"* A study on scaphoid fracture
osteosynthesis with Mg screws reported a few cases
and short-term clinical outcomes. In the present study,
we aimed to investigate whether Mg screws could
be used effectively and safely in treating scaphoid
fractures and to evaluate the mid-term functional
and radiological outcomes of Mg screws in treating
scaphoid fractures.

PATIENTS AND METHODS

This single center, retrospective review was
conducted at Haydarpasa Numune Training and
Research Hospital, Department of Orthopedics and
Traumatology between February 2015 and February
2018. A total of 25 patients with acute scaphoid
fractures who underwent fracture fixation with
bioabsorbable Mg headless compression screws
(3.2 mm) (MAGNEZIX® CS, Syntellix AG, Hanover,
Germany) and were followed for at least 36 months
were included. Patients whose scaphoid fracture
fixation was augmented with other implants such
as titanium screws or Kirschner wires (K-wires)
were excluded from the study. One patient who
was unable to be contacted and three patients who
were lost to follow-up were also excluded. Finally, a
total of 21 patients (18 males, 3 females; mean age:
28.545.8 years; range, 19 to 39 years) were included.
Fractures were classified according to the Herbert and
Fisher classification.'”? A written informed consent
was obtained from each patient. The study protocol
was approved by the Agri Training and Research
Hospital Institutional Review Board (IRB Approval
No. 2021-210/17.07). The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

The volar approach was used for all fractures. The
technical aspects of the procedure were described
earlier by Inoue and Tamura™ and Ledoux et
al.ll Surgery was performed under general or
regional anesthesia. Fractures were reduced with
closed reduction using an image intensifier. A
Kirschner wire (K-wire) guide was introduced
percutaneously. Then, bioabsorbable Mg headless
compression screw fixation was performed and
confirmed using an image intensifier. In all cases,
a scaphoid cast was applied postoperatively with
a window at the surgical wound site for wound
dressing. Two weeks after the operation, the sutures
and casts were removed. Under the supervision of a
physiotherapist, the patients were, then, encouraged
to exercise with a wrist immobilizer brace for four
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weeks. The absence of pain on palpation and
painless active range of motion were accepted as
the signs of union.

Handgrip strengthening exercise with active-
assisted range of motion exercises of the wrist was
started. After eight weeks, strengthening exercises
were initiated in patients who did not have pain on
palpation. Another physiotherapist in the study center
performed strengthening exercises.

The institutional patient database was used to
access all radiological data in the Picture Archiving
and Communication System (PACS), patients’
records, medical history, surgical documents, and
follow-up visit notes. Demographic data, diagnostic
tests, and radiological results were collected. The
following variables were recorded: age, dominance,
preoperative delay, return of occupational and sports
activities, union time, follow-up term, union delay,
and complications. Grip strength, pinch strength, and
range of motion of the operated wrist were evaluated
at the final follow-up visit and compared with the
contralateral side (control group). Anteroposterior
and lateral radiographs of the wrist were taken in the
neutral, extended, and flexed positions.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS for Windows version 23.0 software
(IBM Corp., Armonk, NY, USA). Descriptive data
were expressed in mean t standard deviation
(SD), median (min-max), or number and frequency,
where applicable. The Shapiro-Wilk test was
used to determine whether continuous data were
distributed normally between groups. The results of
the Shapiro-Wilk test showed that data did not have
normal distributions. The Wilcoxon test was used to
compare the groups, and Spearman correlation test
was used to analyze the relationship of functional
scores. Functional results were evaluated with
the intraclass correlation coefficient (ICC) test.
A p value of < 0.05 was considered statistically
significant.

RESULTS

According to the Herbert and Fisher classification,
nine (42.9%) patients had type Bl and 12 (57.1%)
patients had type B2 scaphoid fractures. Union was
achieved in all cases (100%). The mean time to union
was 11.2+1.5 (range, 9 to 14) weeks (Table I).

The mean follow-up was 43.315.3 (range, 36 to 52)
months. Differences between the operated and non-
operated wrists were significant in grip strength,
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TABLE |
Demographic data of patients

n Y% Mean+SD Median Min-Max

Age (year) 28.5+£5.8 26 19-39
Sex

Male 18 85.7

Female 3 14.3
Side

Right 14 66.7

Left 7 33.3
Smoking

Yes 10 47.6

No 11 52.4
Dominance

Right 19 90.5

Left 2 9.5
Mechanism of trauma

Simple falls 17 81.0

Traffic accident 3 14.3

Sports injuries 1 4.8
Herbert and fisher classification

B1 9 42.9

B2 12 571
Mean time to union (week) 11.2+1.5 11 9-14
Follow-up (month) 43.3+5.3 44 36-52
Mean preoperative delay (day) 3.0£2.3 2 1-8
SD: Standard deviation.

TABLE Il
Comparison of the operated and contralateral side

Operated side Contralateral side Wilcoxon Spearman’s rho

Median Min-Max Median Min-Max p r spearman p
Grip strength 43 35-60 44 37-58 <0.001** 0.962 <0.001**
Flexion 75 60-80 75 70-80 0.008* 0.872 <0.001**
Extension 80 65-80 80 70-80 0.317 0.762 <0.001**
Ulnar deviation 25 20-30 30 25-35 <0.001** 0.590 0.005*
Radial deviation 15 10-20 20 20-25 <0.001** 0.142 0.540
Pinch 7 5-9 8 6-9 <0.001** 0.882 <0.001**
* p<0.05; ** p<0.001.

TABLE Il
Intraclass correlation coefficient

95% Confidence interval

Variables Intraclass Lower Upper p

correlation bound bound
Grip strength (operated side) Grip strength (contralateral side) 0.978 0.945 0.991 <0.001**
Flexion (operated side) Flexion (contralateral side) 0.748 0.379 0.989 0.002*
Extension (operated side) Extension (contralateral side) 0.862 0.661 0.944 <0.001**
Ulnar deviation (operated side)  Ulnar deviation (contralateral side) 0.717 0.301 0.885 0.003*
Radial deviation (operated side) Radial deviation (contralateral side) 0.292 - 0.746 0.713 0.224
Pinch (operated side) Pinch (contralateral side) 0.938 0.847 0.975 <0.001**
* p<0.05; ** p<0.001.
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FIGURE 1. (a) A 33-year-old male patient had a scaphoid
fracture-preoperative anteroposterior (AP) radiograph.
(b) At the postoperative four-year follow-up, there was
no gas shadow on the AP X-ray, and a faded screw
silhouette was present. (c) At the postoperative four-year
follow-up, no gas shadow was detected on the oblique
X-ray, and a faded screw silhouette was current.
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flexion, ulnar deviation, radial deviation, and pinch
(p<0.05). However, no significant difference was
found between the extension of the wrist on the
operated side and the normal side (p=0.317) (Table II).

A strong correlation was found between the
operated and contralateral sides in terms of grip
strength (r=0.962, p<0.001), flexion (r=0.872, p<0.001),
extension (r=0.762, p<0.001), ulnar deviation (r=0.590,
p=0.005), and pinch strength (r=0.882, p<0.001)
(Table II). A strong correlation was noted between
the operated and contralateral sides in terms of grip
strength (r=0.978, p<0.001), flexion (r=0.748, p=0.002),
extension (r=0.862, p<0.001), ulnar deviation (r=0.717,
p=0.003), and pinch strength (r=0.938, p<0.001)
(Table III). No complication was encountered. The
screw was not removed in any case.

Given the retrospective nature of this study,
scheduled radiographs of all patients were not
obtained at similar dates. All available serial
follow-up radiographs and CT scans (if available)
were evaluated to monitor the degradation of
bioabsorbable Mg screws. In the early postoperative
radiographs, gas shadowing occurred in the soft
tissue and bone around the implant in all patients
(Figure 1). These shadows started to fade at nine
months of follow-up, and barely any was left at
the end of 18 months (Figure 2). In the late period,
these gas silhouettes completely disappeared in the
trabecular structure of the bone in CT scans and
radiographs (Figure 1, 2).

DISCUSSION

In the present study, we evaluated the radiological
and functional outcomes of patients who underwent
osteosynthesis for acute scaphoid waist fractures
with bioabsorbable Mg screws using the volar
percutaneous technique. No malunion, nonunion,
or any other complications developed in any of the
patients. Favorable functional results were obtained
compared to the opposite hand. Owing to the
absorbable properties of bioabsorbable Mg screws
used in this study, screw irritation and removal did
not occur. With these screws, no patient needed a
second surgical intervention.

To the best of our knowledge, very few clinical
studies have utilized Mg screws so far. May et al.l'”
performed surgery with Mg screws in 23 patients
for medial malleolus fractures. In their study,
fracture union was observed in all patients, and
second surgery for implant removal was not needed.
Moreover, Mg screws were like titanium screws in
terms of functional and radiological outcomes, and
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FIGURE 2. (a) A 19-year-old male patient had a scaphoid fracture. At the
postoperative nine-month follow-up, a faded gas silhouette was observed
on the anteroposterior (AP) radiograph. (b) At the postoperative nine-month
follow-up, a faded gas silhouette was observed on the oblique radiograph.
(c) AP radiography of the patient at the postoperative 18-month follow-up. (d)
Oblique radiography of the patient at postoperative 18-month follow-up. (e) At
the four-year follow-up, no gas shadow was noted on the coronal computed
tomography (CT) image. (f) At the four-year follow-up, no gas shadow was
found on the axial CT image. (g) At the four-year follow-up, no gas shadow
was detected on the sagittal CT image.
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their complication rates were lower than titanium
screws. Windhagen et al.™ evaluated 13 patients
who underwent chevron osteotomy for hallux
valgus surgery with Mg screws and reported that
union was achieved in all patients. In addition,
no foreign body reaction, osteolysis, or systemic
inflammatory reaction was observed in any of their
patients. Biber etal.™ performed surgery with an Mg
screw on a patient with a lateral malleolus fracture.
They noted that the union was achieved at three
months, radiolucent areas formed around the screw
in the first months, and these areas disappeared at
17 months of follow-up. Grieve et al.’”! performed
surgery with Mg screws in six patients for scaphoid
fractures (n=3) and carpal fractures (n=3). They
reported that recovery was achieved at 12 weeks,
and there were no complications. Baldini et al.?!
reported that clinical and radiological outcomes
were good, and no side effects were observed
in 14 children treated with an Mg screw. In our
study, union was achieved in all patients, and no
complications developed in any patient. Therefore,
in the present study, bioabsorbable Mg screws
could provide adequate fixation for acute scaphoid
waist fractures. Surgeries performed with Mg
screws do not require second surgery for implant
removal.

Compression screws placed along the
scaphoid central longitudinal axis are preferred
for internal fixation of scaphoid waist fractures.”
Different screw options are available for internal
fixation, such as Herbert screw, 3.0-mm headless
compression screws, and Acutrak® (Acumed Inc,
OR, USA) screws.?? After these screws were used
for scaphoid fractures, implant removal surgery
was performed between 4 and 14%.57% Implant
removal surgeries pose a significant burden on
the healthcare economy and carry the risks of
infection, cartilage damage, scarring, and potential
neurovascular injury.?*?! Ibrahim et al.?”! published
a meta-analysis of patients who underwent surgery
for acute scaphoid fractures. In their study of 182
patients, Acutrack® screws were used in 66 and
Herbert screws were used in 116 patients, and
union was achieved in 179 patients. They reported
some complications, such as screw irritation,
infection, complex regional pain syndrome, and
scarring. Moreover, implant removal surgeries were
needed due to screw irritation. To the best of our
knowledge, surgeons may encounter difficulties in
acute scaphoid fractures, such as nonunion, implant
removal due to screw irritation, and infection. In
our study, we did not encounter these problems due
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to the osteoinductive, infection-inhibiting effects,
and resorption of Mg screws.

Many adverse reactions and complications,
such as osteolysis, foreign body reaction, and cyst
formation, have been reported with polymer-based
implants.?® These reactions and complications occur,
as these polymer-based implants are first hydrolyzed
and separated into monomers by an enzymatic
reaction. These monomers, then, enter the citric acid
cycle and are excreted as water and carbon dioxide
from the body. During enzymatic hydrolysis, the
local pH decreases, and an acidic environment
is formed around the implants.?®! The Mg screws
participate in the electrochemical reaction and turn
into Mg (OH); and hydrogen (H>) which can be seen as
radiolucency in soft and bone tissues. Subsequently,
these radiolucent areas disappear.'1®?! Adverse
events with the use of bioabsorbable Mg screws
were reported in the literature. Meier and Panzical”!
performed surgery with Mg-based compression
screws in five patients with acute scaphoid waist
fractures. These patients were followed for one year.
In these patients, union was achieved, and physical
activity was allowed at six months of follow-up.
The wrist scores of their patients were excellent
(95 to 100%) after one year of follow-up, and no
clinical complications were reported. However, three
of five patients had resorption cysts in radiological
examinations at three months of follow-up. These
resorption cysts were seen on radiographs, until
the sixth month of follow-up. These findings are
the normal degradation process of Mg screws, as
previously mentioned. Leigheb et al.®! conducted a
systematic review on the efficacy and safety of the
Mg-based osteosynthesis materials and reported
these materials had similar efficacy and safety with
titanium screws and that the most common effect
was gas formation. Our study findings are consistent
with the literature: radiolucent areas were found in
the initial follow-up, and these areas disappeared
after the union was achieved. The clinical and
radiological outcomes of the patients were excellent
at the final follow-up visit.

Meier and Panzica®” reported that patients with
scaphoid fractures treated with an Mg screw had
excellent (95 to 100%) wrist scores after one year
of follow-up. Rettig et al.? surgically treated their
patients with scaphoid fractures with a Herbert
screw. All their patients had functional wrist range
of motion (wrist extension, 57° wrist flexion, 52°)
and grip strength in 85% of the contralateral side.
The functional results in our study were compatible
with the literature: grip strength, 95%; flexion,
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96%; extension, 99%; ulnar deviation, 88%; radial
deviation, 77%; and pinch, 92% compared to the
opposite side.

Nonetheless, this study has some limitations.
First, it has a retrospective design. Second, there is
no control group, and the sample size is relatively
small. Third, only Herbert type Bl and B2 scaphoid
fractures were included. Finally, the mean time to
union was evaluated from the available radiographs.
However, the main strength of this study is that the
mean follow-up period was 43.3£5.3 months, which
allowed us to assess mid-term outcomes, including
post-traumatic osteoarthritis.

In conclusion, Mg-based compression screws can
be safely used for acute scaphoid fractures. Redo
surgery is not needed for implant removal, as the
Mg-based compression screws dissolve over time.
Further large-scale, long-term, prospective clinical
studies are needed to confirm these findings.
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