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Objective: The aim of our study was to evaluate the correlation between the radiological signs
of union and functional outcomes in patients with surgically treated scaphoid non-unions.  

Methods: In our study, we evaluated 13 patients who underwent surgery at our clinic for com-
plaints resulting from an unhealed scaphoid fracture. Of the scaphoid non-unions, 9 were on the
scaphoid body and 4 were on the proximal pole. According to Slade’s classification system, there
were two Grade 4, eight Grade 5, and three Grade 6 fractures. The patients were all male with a
mean age of 31, with 25 months of mean time between the onset of trauma and surgery. All frac-
tures were treated through open reduction with autogenous bone grafting (cancellous in 4 cases;
corticocancellous in 9 cases) and fixation with compression screws. Bone morphology and carpal
alignment were assessed through radiography, using the scaphoid index and scapholunate angle
measurements, respectively. Range of motion and grip strength measurements together with the
modified Mayo wrist scores were used in the assessment of wrist functionality. 

Results: Average duration of follow-up was 16 months. In 10 patients, radiological union was
attained in a mean time of 12.4 weeks following the operation. There was a substantial improve-
ment in grip strength and range of motion values after surgery. The preoperative mean modified
Mayo wrist score of 41.5 improved to 79.2 postoperatively. Accordingly, 4 patients had perfect,
2 had good, 5 had fair and 2 had poor results. The surgical treatment allowed the preoperative
mean scapholunate angle of 45.8° and the preoperative mean scaphoid index of 0.69 to be reduced
to 32° and 0.6, respectively. The humpback deformity present in 11 patients before the surgery
was restored in 10 patients by reconstruction of the scaphoid bone length. Abnormal carpal align-
ment was restored in 4 of these patients. No statistically significant correlation was found between
the functional results and the surgically attained structural restorations and union process.    

Conclusion: The surgical treatment of scaphoid fracture non-unions can correct bone morphol-
ogy and resolve alignment problems but might not be sufficient for the improvement of function-
al results.
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Scaphoid fractures are the most common fractures of
the carpal bones. Ten percent of these fractures lead
to non-union.[1] The geometric structure of scaphoid
fractures, which are highly subject to shearing
forces, as well as the specific vascular supply of the

bone, are the main reasons for this high rate. Other
reasons include delayed diagnosis, inadequate treat-
ment and fixation, excessive disintegration and frag-
mentation in the fracture site, carpal instability and
the presence of accompanying lesions, such as avas-
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cular necrosis.[1-6] Furthermore, aging and smoking
are systemic causes with a negative impact on the
union process.[2,7,8] Unhealed scaphoid fractures lead
to wrist pain and functional limitations and may also
result in carpal collapse and arthrosis.[4] Treatment is
generally operative with autogenous bone grafting
and fixation with compression screws.[1-6,8] Specific
variations concerning the fracture and the patient
should be taken into account when choosing the
appropriate treatment method.[6] Even with proper
treatment, non-union is still possible in 10 to 35% of
all cases.[1] Another issue may be the failure to
achieve complete restoration of wrist functions due
to malunions and/or avascular necrosis.[1-4,9-13]

Therefore, treatment strategies that not only ensure
union but also provide satisfactory functional results
are necessary.

In this study, we examined the correlation
between the radiological signs of union and func-
tional outcomes in patients with surgically treated
scaphoid non-unions.

Patients and methods
In this retrospective study, records were scanned for
patients who received surgical treatment after admis-
sion to our clinic for various complaints, due to an
unhealed scaphoid fracture, from 2005 to 2008.
Thirteen men (mean age: 31 years; range: 23 to 42
years) were included in the study. Inclusion criteria
were the presence of scaphoid non-union without
avascular necrosis (AVN) in fracture fragments,[14,15]

absence of any former fracture and/or surgery on
both wrists, absence of previous surgical treatment
(open reduction, conventional bone grafting and fix-
ation by compression screw), and attendance at fol-
low-up examinations. 

Non-union was defined as the absence of radio-
logical union for a minimum of 6 months following
the initial trauma.[14] The Dobyns and Linscheid[15]

criteria was employed in the identification of radio-
logical union. Non-union was determined when the
distance between the fracture fragments was larger
than the distance between the carpal bones, sclerosis
on the bone ends was more prevalent than the sub-
chondral sclerosis of other carpal bones, and degen-
erative changes in the bone and a change in the dis-
tance between two fragments were present as
demonstrated by stress radiographs.[15]

Cases with height loss and increased density in
the proximal fracture fragment were further

reviewed for AVN, using unenhanced magnetic res-
onance imaging of 1.5 Tesla.[16] Patients with AVN
were not included in the study.

Common complaints included weakness and
wrist pain, occurring particularly with gripping.
Eight patients (61.5%) had a history of chronic
smoking. Six patients (46%) received prior cast
treatment for a mean period of 6 (range: 1 to 10)
weeks and the others were diagnosed in our clinic.
Of the fractures with non-unions, 9 were in the
scaphoid body (69.2%) and 4 in the proximal pole
(30.8%). Mean interval between trauma and treat-
ment was 29.4 (range: 8 to 120) months. Nine frac-
tures (69.2%) were on the dominant wrist.

Fractures were classified according to Slade’s
treatment classification system for scaphoid non-
unions.[6] Two fractures (15.4%) were Grade 4 (max.
5 mm of bone resorption and cyst formation in the
fracture site, normal scapholunate association), eight
(61.5%) were Grade 5 (max. 5 mm of bone resorp-
tion and 10 mm of cyst formation in the fracture site)
and three (%23.1) were Grade 6 (pseudarthrosis).

Wrist motions were preoperatively measured
using a standard goniometer. Comparative grip
strength measurements were taken with a dynamome-
ter (Jamar®; Sammons Preston Rolyan, Chicago, IL,
USA). Functional assessment was made using a mod-
ified Mayo wrist score, consisting of four equally
weighted (25 points each) sections on pain, treatment
satisfaction, range of motion and gripping strength.[17]

A score of 90 to 100 was considered excellent; 80 to
89, good; 65 to 79, fair; and less than 65, poor.

Wrist radiographs taken in the standard (antero-
posterior, lateral) and scaphoid positions were used
to evaluate the patients in terms of diagnosis, classi-
fication, arthrosis and carpal alignment.[18,19]

Scapholunate angles were measured on the lateral
radiographs of the wrist. Computerized tomography
was used to measure scaphoid height and length, and
the humpback deformity of the bone was interpreted
on the basis of the ratio between two values
(scaphoid index).[19]

Degenerative changes in the radiocarpal joint
(Phase 0: no narrowing, Phase 1: extensive spur for-
mation towards radiocarpal joint, Phase 2: narrow-
ing in the radiocarpal joint space, Phase 3: closed
radiocarpal joint space) were assessed.[5] Arthrosis in
the radiocarpal joint was noted in 3 patients (%23;
Grade 1 in one, Grade 2 in two patients).
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Fig. 1. Case 1. (a) Surgery images showing the scaphoid fracture non-union. (b) Bone fixation conducted with corticocancellous wedge
graft from the iliac crest and 2 compression screws. [Color figure can be viewed in the online issue, which is available at
www.aott.org.tr] 

All surgical interventions were performed by the
same surgeon (AK). Patients were prepared for sur-
gery in a sterilized environment with a tourniquet
applied above the elbow. The scaphoid tubercle,
thumb metacarpal base and the plane of the flexor
carpi radialis (FCR) tendon were marked on the volar
surface of the wrist, with a surgical marker. A skin
incision starting from 3 cm above the wrist skinfold
was extended along the FCR tendon to meet the for-
merly marked points. The deep plane was accessed
with a dissection careful to protect the surrounding
veins and superficial sensory nerves. The thenar mus-
cle groups were freed to expose the scaphotrapezial
joint. The scaphoid bone was accessed by incising the
wrist volar capsule longitudinally. For cases with
proximal pole fractures, the incision made in the cap-
sule was extended to expose scapholunate joint. The
fibrous tissues were then removed and several holes
were made on the damaged surfaces of the fragments
with a Kirschner wire (K-wire). The tourniquet was
temporarily released to check the bleeding of the bone
surfaces.[20] Subsequently, the dimensions and align-
ment of the scaphoid bone, as well as scapholunate
stability, were examined under fluoroscopic control.
Both fracture fragments were pulled slightly apart by
means of the inserted K-wires to evaluate the quantity
and type of graft required for restoring the bone struc-
ture. Corticocancellous wedge grafts harvested from
the iliac crest were used for the fractures in the waist.
Cancellous wedge grafts harvested from the radius
were used both for the fractures located in the proxi-
mal pole and for those with minor bone loss. The frac-
ture fragments were then fixed under fluoroscopic

control with cannulated, headless compression screws
(Acutrak® Acumed; Hillsboro, OR, USA). Mini and/
or standard screws (20 to 30 mm in 22 cases) were
used for fixation (two screws in 5 patients and one
screw in 7 patients) (Fig. 1).

Two patients with radiocarpal arthrosis (15.4%)
also had radial stiloidectomy during the same ses-
sion.

A scaphoid cast was applied for six weeks post-
operatively. Follow-up radiographs were taken at
cast removal. Active motion exercises were then ini-
tiated and patients were allowed to return to daily
activities using wrist braces. The union process was
evaluated through monthly radiographs. Range of
motion and grip strength measurements were repeat-
ed in the postoperative examinations. Wrist func-
tions were evaluated in line with the modified Mayo
wrist scores.

Data comparison was made using the Medcalc®

(statistical software, v.10.0) medical statistics evalu-
ation program. Significance level was set at p<0.05;
chi-square and the Student’s t-test were used to eval-
uate quantitative variables. Qualitative data were
compared using the Fisher Exact Test and Pearson
correlation coefficients.

Results
Mean follow-up time was 16 (range: 8 to 36)
months. Radiological union was confirmed in 10
patients (76.9%) at the end of a mean follow-up time
of 12.4 (range: 8 to 16) weeks. Union was not
achieved in 1 fracture in the proximal pole (7.6%)
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with cancellous grafting and 2 fractures in the
scaphoid waist (15.3%) with cancellous and cortico-
cancellous grafting.

Mean wrist grip strength improved from 17.7
(range: 12 to 25) kg preoperatively to 22.5 (range: 10
to 35) kg postoperatively (p=0.04). Postoperative
mean grip strength was improved, however, was still
weaker than that of the healthy wrist (mean: 34 kg;
range: 28 to 46 kg) (p=0.0001). Mean wrist
flexion/extension range of motion improved from
59.6° (range: 10° to 120°) preoperatively to 111°
(range: 70° to 160°) postoperatively (p=0.0003).
There was a significant difference between the mean
postoperative flexion/extension range of motion and
that of the healthy wrist (mean: 166°; range: 158° to
175°) (p<0.0001). Mean radial/ulnar deviation range
of motion improved from 22° (range: 16° to 27°) pre-
operatively to 29° (range: 25° to 33°) postoperatively
(p=0.01). This mean value, however, was significant-
ly less than that of the healthy side (mean: 38°; range:
32° to 44°) (p<0.001).

Mean scapholunate angle was 45.8° (range: 28° to
68°) at the time of admittance and 32° (range: 21° to
50°) postoperatively (p=0.001). The mean scaphoid
height to length ratio (scaphoid index) of 0.69 (range:
0.55 to 0.82) preoperatively deteriorated to 0.6 (range:
0.5 to 0.72) in the final examinations (p=0.01). The
humpback deformity present in 11 patients before the
treatment was corrected in 10 patients (90.9%) by
reestablishing the scaphoid length. The preoperative-
ly abnormal carpal alignment (dorsal intercalated seg-
ment instability) was reestablished in 4 of these
patients (36.3%) (Fig. 2).

Preoperative mean modified Mayo wrist score of
41.5 (range: 25 to 60) points improved to 79.2 (range:
60 to 100) points postoperatively. Accordingly, results
were perfect in 4 patients (30.8%), good in 2 (15.4%),
fair in 5 (38.4%) and poor in 2 (15.4%) (Fig. 3). 

There was no significant correlation between the
postoperative functional scores and the height/length
ratio (r=-0.11, p=0.69) or between the functional
results and the location and phase of the fracture non-
union (p=0.37), (p=0.60). Correlation analysis
revealed no significant correlation between non-
union and the patients with poor results (r=0.19,
p=0.59). According to the chi-square test, there was
no significant correlation between radiocarpal arthro-
sis and functional results (p=0.65). No significant
relation was found between a history of smoking and
non-union in the statistical assessment conducted,
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Fig. 2. Case 3. 34-year-old male admitted to our clinic with pro-
gressive complaints persisting for 8 months following a
trauma of the right wrist. (a) Bilateral radiographs showing
non-union located in the scaphoid waist, manifesting itself
by cystic changes (Slade Grade 5). (b) Postoperative bilat-
eral radiographs showing the carpal alignment and
scaphoid bone morphology restored by application of a
cancellous graft, harvested from the distal metaphyseal
region of the radius and headless screws. (c) 12th week
radiographs showing union and carpal alignment in the
normal range. 
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which used unidirectional probability test with
regards to smoking history present in the 3 patients
(23%) in which union was not achieved (p=0.386). 

Two of the 3 patients who did not achieve union
at the end of the 6-month follow-up period had per-
sistent pain. These two patients were treated by
proximal fracture fragment excision and scapho-
trapezio-trapezoid arthrodesis.

Radiographic narrowing and irregularity in the
intercarpal and radiocarpal joints were found in 3
patients (23%), but did not lead to any complaints. In
one patient (7.7%) the K-wire was broken during
screw placement. The broken wire was left in place
and another screw was inserted in the parallel direc-
tion.

Discussion
Avascular necrosis and humpback deformity are the
two leading pathological changes seen in the non-
union of scaphoid fractures.[1-6,8-12] These problems
have a negative impact on load distribution at the
site by disturbing the bone morphology and carpal
alignment, causing pain and reducing grip strength
and wrist range of motion, particularly during daily
activities.[1,4,21-23] This progressive process leads to the
eventual collapse of the radiocarpal joint and arthro-
sis within 10 years.[3,4,21]

The treatment of scaphoid non-union aims to
ensure union and eliminate clinical complaints.
Complaints arising from non-union are often persist-
ent, even following subsequent union.[1,11-13,24,25]

Presently, there is a consensus for surgical treatment
in scaphoid non-unions.[1,6,8,13,15] Generally, applied
surgical treatment methods include autogenous bone
grafting (vascular/conventional) at the fracture site
and fixation with compression screws.[1,24-33] Precise
identification of the pathologies across the fracture
site is key to defining the appropriate treatment strat-
egy. The commonly employed classification systems
of the fracture line location, however, tend to be insuf-
ficient for the identification of appropriate treat-
ment.[1,6] Therefore, to propose a treatment scheme, we
used Slade’s classification which defines fracture site
pathologies in grades.[6] According to this classifica-
tion, 11 (84.6%) of the fractures were in advanced
phases with apparent bone resorption and sclerosis.
Union was achieved in 10 (76.9%) of the 13 frac-
tures over a mean period of 12.4 weeks, through
conventional grafting and fixation with compression
screws. Carpal alignment was restored in all wrists
with dorsal intercalary segmental instability defor-
mity seen in preoperative radiographic analysis.
Furthermore, subjective and objective evaluations
demonstrated evident positive improvements in
comparison to preoperative values. However, it was
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Fig. 3. Case 3. Evaluation of the wrist motions in (a) flexion, (b) extension and (c, d) deviation (final examination in 12th month). [Color
figure can be viewed in the online issue, which is available at www.aott.org.tr] 
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found that restoration of the scaphoid bone structure
and carpal alignment had no explicit impact on func-
tional results. Early phase degenerative changes in
the wrist and intercarpal joints had no negative
impact upon functional results throughout the brief
16-month follow-up period. However, degenerative
changes are more prevalent and union is more chal-
lenging in patients who do not receive treatment for
more than 5 years.[1,25]

As no prospective, comparative study on treat-
ment exists in the literature, researchers tend to focus
on treatment strategies and union rates. In a review
of 5,246 patients in 147 specific studies, Munk et al.
reported an 80% rate of union with cancellous graft
alone, an 84% union rate using conventional grafting
accompanied by compression screws, and a 91%
union rate using vascular islet grafts.[25] Union rates
vary widely, depending particularly on the presence
of AVN in the fragments, graft type and the number
of performed surgeries.[1,8,13]

Fixation with compression screws alone is
employed in early phase fractures where bone circu-
lation is maintained. Screw fixation is complement-
ed with vascular islet grafting in fractures in the 1/3
proximal region, especially in cases with AVN. This
method has a reported success rate of 90%, and aims
to promote the vascularity in the fracture site by
enhancing the amount of osteoprogenitor cells.[28-33]

The most widely used technique is the 1,2-intercom-
partmental supraretinacular (1,2-ICSRA) artery islet
graft, described by Zeidemberg.[28] For restoring
bone morphology and further stabilizing fixation in
fractures with prominent bone loss and humpback
formation in the fracture site, corticocancellous
wedge grafts are recommended. Union was achieved
in 7 (77.7%) of the 9 patients in this study, who were
treated with this method as described by Bindra et
al..[3] For cases with limited bone loss at the fracture
site, cancellous bone grafts can be used to benefit
from their osteogenic effect.[1,13] In this study,
unproblematic union was attained in 3 (75%) of the
4 patients treated with grafts, harvested from the dis-
tal metaphyseal radius. Fernandez reported that can-
cellous grafts of the iliac crest have better osteogenic
potential than those harvested from other sites.[34]

However, comparative studies by Tambe et al.
demonstrated that there is no significant difference
between graft sources in terms of osteogenicity, and
that cancellous grafts can be harvested from the iliac
crest, olecranon, or distal radius.[35]

Few studies exist on the comparison of functional
results and union.[1,2,8,11-13] A union rate of 75% in frac-
tures treated with various surgical methods was
reported in a study of 138 patients.[1] The same study
also reported a reduction in scaphoid humpback
deformity and dorsal stability from a preoperative
79% and 41% to postoperative 16% and 12%, respec-
tively. Tsuyuguchi et al., on the other hand, reported a
limitation in wrist function in cases in which scaphol-
unate alignment could not be restored.[11]

Limitations of the study were the small number
of cases and the heterogeneity arising from general
and local factors that influence wrist function.

In conclusion, bone morphology and alignment
can be restored through the surgical treatment of
scaphoid non-unions. However, the surgically
attained restorations and even union might not be
sufficient to provide satisfactory functional results.
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