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Abstract. – OBJECTIVE: Our study aims to 
compare the clinical results of percutaneous 
screw fixation and non-vascularized bone graft-
ing with open screw fixation in patients who did 
not achieve union due to failure in diagnosis and 
treatment after a scaphoid fracture.

PATIENTS AND METHODS: Forty-three pa-
tients with scaphoid nonunion fractures cor-
responding to the first three Slade and Dodds 
classification were divided into two groups. 
Non-vascularized bone grafting with open re-
duction and internal fixation (ORIF) was applied 
to 24 patients in the first group, and 19 patients 
in the second group were treated with a closed 
reduction and internal fixation (CRIF) (percu-
taneous screw fixation). The patients were fol-
lowed up for preoperative and postoperative 
functional scores and time to union.

RESULTS: Our study found that the scaphoid 
was most commonly fractured in the waist of 
the scaphoid. In our study, we found that distal 
scaphoid fractures had the highest union rate 
(100%), followed by the waist fractures (93.2%) 
and the weakest union (50%) in the proximal pole 
fractures. We observed that the fastest union had 
occurred in the fractures of the waist. We also ob-
served that the union was completed earlier in 
patients who operated with ORIF than those with 
CRIF. We found union in 87.5% of patients who 
underwent ORIF, in 84.2% of patients who under-
went CRIF. CRIF operation duration was short-
er than expected from ORIF operation duration. 

CONCLUSIONS: We found that similar union 
rates could be achieved in the patient groups 
who underwent percutaneous and open screw 
fixation by selecting the appropriate patient in 
scaphoid nonunion fractures. Union was faster 
and functional results were more satisfactory in 
the ORIF group. The operation time was shorter 
in the CRIF group.

Key Words:
Scaphoid, Nonunion, ORIF (open reduction and 

internal fixation), CRIF (closed reduction and internal 
fixation).

Introduction

Scaphoid fractures are the most common frac-
tures of the carpal bones, accounting for 60% of 
all carpal bone fractures. Tenderness in the an-
atomical snuffbox, scaphoid tubercle, and longi-
tudinal compression of the 1st metacarpine are 
findings helpful in the diagnosis of a patient with 
a scaphoid fracture1. Conventional radiographs 
should be the first-choice method in patients with 
post-traumatic pain on the radial side of the wrist. 
Gilbert et al2 suggested posterio-anterior (PA), 
lateral, ulnar-deviated PA and semi-prone oblique 
(writing position) radiographs. First, the diagno-
sis can be supported by CT and MRI after radi-
ography3,4. The most widely used classification 
system in clinical routine is Herbert classification, 
followed by Rousse and MAYO classifications5.

Approximately 5-20% of scaphoid fractures 
cannot be healed with non-surgical treatment6,7. 
Patients without signs of union despite 6-month 
follow-up are considered non-union8. Surgical 
treatment is recommended in the majority of un-
stable scaphoid back fractures and proximal pole 
fractures with a displacement of more than one 
millimeter. There are different surgical techniques 
for its treatment9. Various surgical techniques, 
such as open reduction internal fixation (ORIF), 
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minimally invasive surgery, dorsal minimally in-
vasive opening, arthroscopic assisted screw fixa-
tion, volar minimally invasive opening have been 
described in the literature8,10,11. Our aim in choos-
ing surgery is to heal the nonunion of the scaphoid 
fracture, correct the carpal deformity, prevent in-
stability, and prevent the development of arthritis.

Patients and Methods

Forty-three cases treated for the diagnosis of 
scaphoid non-union between 2017 and 2020 were 
evaluated. The study received the approval of 
the ethics committee. The study did not include 
patients with open fractures, multiple hand frac-
tures, or additional traumas such as head trauma. 
Patient selection was made per Slade and Dodds 
staging using X-Ray and Computer Tomography 
(CT). Nonunions other than stage 1, 2, 3 were not 
included in the study (Table I).

Union status, Mayo score, q-Dash score, visu-
al analog score (VAS), scapholunate angles were 
calculated. The preoperative and postoperative 
clinical parameters were evaluated, and Quick 
Disabilities of Arm, Shoulder, and Hand (Quick 
DASH) scores were examined. Pain analysis was 
performed according to the VAS reported by the 
patients. The score was determined by measuring 
the distance (mm) on the 10 cm line between the 
“no pain” anchor and the patient’s mark, provid-
ing a score range of 0 to 100.

Image interpretation, pre- and postoperative 
radiographic measurements, and evaluation of 
radiographic union were performed by the same 
orthopedic surgeon. Standard posteroanterior and 
lateral radiographic images were evaluated both 
preoperatively and postoperatively.

The scapholunate angle was measured pre- 
and postoperatively on a sagittal CT scan of the 
wrist along the longitudinal axis of the scaphoid.

Surgical Technique
The operation was performed under general 

anesthesia with upper arm tourniquet control. A 
cancellous bone graft taken from the iliac wing 
was used in all patients who underwent ORIF. In 
patients for whom screws and grafts were planned, 
the scaphoid was approached with a longitudinal 
incision centered on the tuberosity of the scaphoid, 
lateral to the volar flexor carpi radialis (FCR) ten-
don. In the percutaneous screw technique, a pink-
tipped syringe needle was used as a guide over 
the volar tubercle, accompanied by scopy, and the 
fracture was passed with a retrograde K-wire, fol-
lowed by drilling and a headless screw, and the fi-
nal fixation of the fracture was made (Figure 1).

Follow-up
After the operation, the patients were followed 

up on a yearly routine at the third week, sixth 
week, 3rd Month, 6th Month, and 1st year. After 
surgery, a long arm splint was applied to each pa-
tient, elevation was applied, and analgesics were 
given for pain control. Active finger movement and 
shoulder exercises were allowed after surgery. Skin 
sutures were removed ten days later, and a shorter 
thumb-supported cast was applied for six weeks. 
Finally, thumb supported wrist splint was applied 
until the radiographic union was achieved. 

Statistical Analysis
The data obtained from the research were 

transferred from the Excel file to the database 
created in the SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA) package program, and statistical analyzes 

Table I. Scaphoid Fractures Nonunion Classification (Slade and Dodds).

Stage	 Category	 Features of scaphoid non-union

1	 Delayed non-union	 Scaphoid fractures with a delayed union (4-8 weeks)
2	 Fibrous non-union	 Cartilage sheath is intact, minimal fracture lines at the non-union interface,
		  no cysts, and sclerosis
3	 Minimal sclerosis	 <1 mm bone resorption at the non-union interface accompanied 
		    by minimal sclerosis
4	 Cyst formation and sclerosis	 <5 mm bone resorption at the non-union interface, cyst formation,
		    scaphoid position preserved
5	 Cyst formation and sclerosis	 5-10 mm bone resorption at the non-union interface, cyst formation, 
		    scaphoid position preserved
6	 Pseudoarthrosis	 Separate bone fracture fragments with deep bone resorption at the non-union 
		    interface. Significant part shifts and deformities are often present.
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were made with this program. As descriptive sta-
tistics, arithmetic mean ± standard deviation and 
median (minimum, maximum) were used to sum-
marize numerical data, and numbers and percent-
ages were used to summarize categorical data.

Chi-square (χ2) test was used to compare cat-
egorical data. Compliance of numerical data with 
normal distribution was examined by visual (his-
togram graph) and analytical methods (Kolmog-
orov-Smirnov/Shapiro Wilk tests). In the com-
parison of the two groups, the student’s t-test was 
used when numerical data were normally distrib-
uted, and Mann-Whitney U test was used when 
they were not normally distributed.

Since it was determined that the scapholunate 
angles, q DASH, mayo, and VAS scores of the pa-
tients showed normal distribution, the compari-
sons made at two separate times before and after 
the dependent groups were compared using the 
student’s t-test. A p-value below 0.05 was consid-
ered statistically significant.

Results

The patients were divided into two groups, 24 
patients (55.8%) underwent ORIF, and 19 patients 
(44.2%) CRIF. The mean age of the patients was 
31.95±9.29 (min: 21; max: 62). 37 (86%) of the 
patients were male, and 6 were female (14%). 29 
(67.4%) of the fractures were on the right side, and 

14 (32.6%) were on the left side. The fracture was 
in the waist in 67.4% of the patients, proximal in 
18.6%, and distal in 14%. 14% (n=6) of the patients 
were smokers. We could not detect a relationship 
between smoking status patients and non-union. 

The mean union time of 29 fractures in the waist 
was 15.41±2.60 (min: 11; max: 21) months. Two 
(6.9%) fractures in the waist did not unite. Sixteen 
(55.2%) of 29 fractures in the waist were treated with 
ORIF; 13 (44.8%) of them had been operated with 
CRIF. Of the two non-union fractures, one was op-
erated with ORIF and 1 with CRIF. The mean union 
time of patients operated with ORIF for fractures 
in the waist (n=16) was 14.00±1.77 (min: 11; max: 
17) months. The mean union time of patients oper-
ated with CRIF for fractures in the waist (n=16) was 
17.17±2.44 (min: 13; max: 21) months. We found that 
patients operated on with ORIF had a statistically 
shorter union time than the group operated with 
CRIF (z=-3.071, p=0.002). 

The mean union time of the fractures in the 
distal region (n=6) was 15.67±2.73 (min: 12; max: 
19) months. All the fractures in the distal region 
were unioned. Fractures in the distal region (n=6); 
3 (50%) of them were operated with ORIF and 3 
(50%) with CRIF. The mean union time of distal 
fractures operated with ORIF (n=3) was 13.67±2.08 
(min: 12; max:16), and the mean union time of pa-
tients who were operated on with CRIF (n=3) was 
17.67±1.52 (min: 16; max: 19). No statistically sig-
nificant difference was found (z=-1.771, p=0.77).

Figure 1. A, Percutaneous screw application technique. 
B, Fluoroscopy image.
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The mean union time of the fractures in the 
proximal region (n=8) was 15.33±2.08 (min: 
13; max: 17). Four (50%) of the fractures in the 
proximal region were non-union. Five (62.5%) of 
the proximal fractures (n=8) were operated with 
ORIF and 3 (37.5%) with CRIF. Of the four non-
union fractures, two were operated with ORIF 
and 2 with CRIF. There was no statistically signif-
icant difference between the fractures in the prox-
imal region who were operated on with ORIF and 
those operated on with CRIF (z=-1.342, p=0.180).

The mean union time of fractures in patients 
who underwent ORIF was 14.14±1.82 months, 
while the mean union time of fractures in patients 
who underwent CRIF was 17.19±2.19 months. 
The union time of the fractures in patients who 
underwent CRIF was longer than those who un-
derwent ORIF (t=-4.604, p<0.001).

While the mean follow-up period of the pa-
tients who underwent ORIF was 16.00±1.95, the 
follow-up period of the patients who underwent 
CRIF was 18.95±1.81.

The mean operation duration of the patients 
who underwent ORIF was 68.54±11.56 minutes, 
while the operation duration of the patients who 
underwent CRIF was 45.26±10.60 minutes. Pa-
tients who underwent ORIF had longer operation 
durations. (t=6.798 p<0.001).

There was no statistically significant differ-
ence between the groups regarding preop q-dash, 
preop mayo, preop scapholunate angle, postop 
scapholunate angle, the time between fracture 
and operation time, age, postop mayo, and preop 
VAS scores, and follow-up times.

The mean of the preop q dash scores of the 
patients was 50.16±10.57 (min: 31; max: 69), 
while the mean of the postop q dash scores was 
27.23±7.04 (min: 17; max: 44). The preop q dash 
scores of the patients were significantly higher. 
(t=14.72; p<0.001); GA (19.78-26.07). The median 
postop q dash scores of patients who underwent 
ORIF were 23.50 (min: 17, max: 44), while it was 
calculated as 27 (min: 18, max: 43) in patients 
who underwent CRIF. The postoperative q-dash 
score of the patients who underwent CRIF was 
statistically significantly higher than those who 
underwent ORIF (p = 0.041).

The mean preoperative mayo scores of the 
patients were 66.21±6.78 (min: 54; max: 80). The 
mean postoperative mayo scores of the patients 
were 76.19±7.65 (min: 60; max: 90). Postoper-
ative mayo scores of the patients were found to 
be statistically significantly higher. (t=-10.92; p 
< 0.001); GA (-11.81 – -8.13). No statistically sig-

nificant difference was found between the groups 
regarding mayo scores (p = 0.930).

While the mean preoperative vas scores of the 
patients were 5.81±1.35, the postoperative VAS 
scores were calculated as 3.42±0.98. The preoper-
ative VAS of the patients was found to be statisti-
cally significantly higher. (t=10.48; p < 0.001); GA 
(1.93-2.85). While the median of postoperative 
VAS scores of patients who underwent ORIF was 
3 (min: 2, max: 5), it was calculated as 4 (min: 
2, max: 5) in patients who underwent CRIF. The 
postoperative VAS score of the patients who un-
derwent CRIF was statistically significantly high-
er than those who underwent ORIF (p = 0.012).

The mean preop scapholunate angles of the 
patients were 54.74±6.63 (min: 42; max: 66). The 
mean preop scapholunate angles of the patients were 
52.30±5.35 (min: 42; max: 62). The preop scapholu-
nate angles of the patients were statistically signifi-
cantly higher. (t=5.13; p < 0.001); GA (1.48-3.40).

The mean union time of the patients was 
15.46±2.49 (min: 11; max: 21) months. The mean 
follow-up period of patients without union was 
17.67±1.86 (min: 16; max: 21) months. The time 
between the fracture and operation time was 
10.19 ±3.01 (min: 5; max: 15) months. The mean 
postoperative follow-up period of the patients was 
17.30±2.38 (min: 12; max: 22). Complications 
developed in 6 (14%) of the patients. All of the 
complications that developed were non-union. 
Of the patients without the union, three were in 
the CRIF group, and 3 were in the ORIF group. 
The mean follow-up period of the patients without 
union was 17.67±1.86 (min: 16; max: 21) months.

Discussion

Although open surgical fixation using vascular-
ized or nonvascularized bone grafts is still the most 
common method for nonunion of scaphoid frac-
tures, percutaneous screw fixation has begun to 
take a wider place in the current literature. Howev-
er, in our literature review, we observed that there 
are not enough publications comparing the percu-
taneous technique with the open surgical technique 
using nonvascularized bone graft. For this reason, 
we aimed to compare the results of percutaneous 
screw fixation and open surgical fixation treatment 
using nonvascularized bone graft in our study. 
We also compared postoperative union time, pain 
scores and complication rates.

Approximately two-thirds of scaphoid fractures 
occur in the lumbar region of the scaphoid12,13. In 
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our study, we found that scaphoid fractures were 
most common in the lumbar part of the scaphoid 
(67.4%), which was consistent with the literature. 
In the literature14,15, union rates of distal fractures 
after open and percutaneous surgical fixation have 
been reported to be close to 100%. While our post-
operative union rate in distal fractures was 100% 
in both ORIF and CRIF groups, our rate of union 
in the lumbar region was 93.1% in total, while this 
rate was 93.7% in the ORIF group and 92.3% in 
the CRIF group. Our lowest union rate was 50% in 
proximal region fractures. In proximal region frac-
tures, our union rate was 60% in the ORIF group, 
while it was 33.3% in the CRIF group. While our 
scaphoid lumbar union rate was 93.1% in total, it 
was 93.7% in the ORIF group and 92.3% in the 
CRIF group, which was close to each other and at 
similar rates. Although various rates of union have 
been reported for scaphoid lumbar fractures in the 
literature, generally lower rates of union have been 
reported than distal fractures and higher than prox-
imal fractures. In the study of Surucu and Keh-
ribar16, it was observed that they provided 100% 
joint inflammation in 25 percutaneous patients, in 
the study of Galal Hegazy17, the rate of union was 
100% in the series of 21 cases, and Capo et al18 re-
ported that they achieved union at a rate of 92%. 
In the study of Matsuki et al19, the union rate was 
reported as 100% in proxy pole fractures in which 
non-vascularized bone graft was used. However, 
while the union rate was 92% in the Demaagd and 
Engberin20 series of 12 cases, the union rate was 
reported as 81% in the series of 16 patients by In-
oue et al21. In the study by Somerson et al22, it was 
observed that proximal pole lesions had the highest 
rate of non-union with a rate of 64.3%. In the study 
of Megerle et al23, union was reported with a rate 
of 61%. In the study of Prabhakar et al24, union was 
reported with a rate of 57%. It is known that proxi-
mal pole fractures have the lowest union rate due to 
the fact that the scaphoid blood flow is from distal 
to the proximal and the blood flow to the proxi-
mal region is weak. In the literature, unions rang-
ing from 100% to 57% have been reported. In our 
study, our union rate in the ORIF group in proxi-
mal pole fractures was 60%, the lowest level com-
pared to other region fractures. In the CRIF group, 
our union rate was 33%. Although our union rate in 
the CRIF group seems low, it is not possible for us 
to suggest that the union rate of CRIF treatment in 
proximal fractures will be low and the success rate 
of this treatment is low due to the lack of sufficient 
number of cases. There is a need for comparison of 
ORIF and CRIF union rates in proximal pole frac-

tures in larger case series. However, in our study, 
we observed that the fastest union occurred in frac-
tures in the waist of the scaphoid. In addition, we 
observed that the union was completed earlier in 
patients operated on with ORIF than those with 
CRIF. Of the patients without a union, three were 
in the CRIF group, and three were in the ORIF 
group. CRIF operation duration was shorter as 
expected compared to ORIF operation duration. 
When we look at the functional and pain scores, 
we see that the postoperative pain of patients who 
underwent CRIF was higher than those who un-
derwent ORIF, while the functional recovery was 
higher in patients who underwent ORIF.

Percutaneous fixation can be performed with-
out using bone graft in stable scaphoid fractures 
that are not displaced or minimally displaced25,26. 
Mahmoud and Kopton6 performed percutaneous 
volar headless screw fixation in 27 patients with 
scaphoid non-union without humpback deformity 
and achieved radiographic union in 11.6 weeks. 
This detection method has the advantage of be-
ing less invasive and can be performed in a short-
er time. They suggested that in the percutaneous 
technique, the union can be successfully debrid-
ed while a reamer is being made before sending 
the screw, and therefore open debridement is not 
needed27,28. In the study, Hegazy17 applied a percu-
taneous headless screw to 21 patients due to non-
union of scaphoid waist fractures and observed 
that all non-union fractures healed without com-
plications during the 25-month follow-up period. 
In our study, we found that 93.2% of the waist frac-
tures were healed. Percutaneous screw fixation has 
many advantages. It is more invasive, has a short 
operative time, potentially preserves blood flow to 
the scaphoid, and is aesthetic because of the use of 
small incisions22,26,27,29. There are publications8,9,17,27 
showing that the percutaneous fixation technique 
is a successful treatment method in scaphoid non-
unions. Considering this literature information 
while planning our study, we compared percuta-
neous screw fixation with graft and open reduction 
screw fixation in our selected cases. The fibrous 
union appears in the early stages of scaphoid frac-
tures. If micro-movements occur at this stage, the 
union does not continue and remains as a fibrous 
union14. At follow-up, non-union is observed in 
half of these patients. Rigid fixation should be 
performed at this stage, and the union should be 
preserved and continued9. In most studies9,17,26,27, if 
there is a gap of less than 1 mm at the non-union 
fracture line, a union can be achieved with a percu-
taneous headless screw or Herbert screw. 
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When necessary, stable fixation and support 
with bone graft are two important factors in the 
surgical treatment of scaphoid non-union to correct 
the scaphoid anatomy and prevent arthritis. Delayed 
union or non-union scaphoid fractures often require 
curettage and bone grafting. The fixation will be 
insufficient in fixations made without the use of 
grafts. Grafts can be used as vascularized or non-
vascularized8. If non-union fractures are accompa-
nied by radiocarpal or intercarpal arthritis, salvage 
surgical procedures should be considered if fracture 
fixation will not be sufficient8,30,31. Internal fixation 
using bone graft is the standard surgical treatment 
approach in unstable scaphoid nonunions32,33. Bone 
grafting and rigid fixation are recommended for cyst 
formation, malalignment, pseudoarthrosis, or unsta-
ble non-union scaphoid fractures if bone resorption 
is greater than 1 mm32,34. While planning this proce-
dure, attention should be paid to the spacing, length, 
bone mass, alignment, and vascularity of the frac-
tured fragments between the bone fragments.

The grafts used are evaluated in two groups as 
vascular and non-vascular. Avascular bone graft is 
generally used in scaphoid fractures. The reason 
for this preference is that it can be done easily and 
quickly, preparing the graft and placing it between 
the bone fragments. We also used an avascular bone 
graft from the iliac wing for our ORIF patients. In 
the Matti-Russe technique, the rectangular cortico 
spongiosis graft is grafted into the bone defect, and 
it has been reported that 90% union is achieved in 
this technique. Grafts can be taken from the dis-
tal radius and iliac wing. While the iliac wing was 
used frequently in the past, the distal radius has 
been used frequently recently. Similar results are 
seen in both regions35,36. We used iliac wing grafts 
from our patients. A vascularized bone graft may 
be preferred in cases with non-union due to prox-
imal pole avascular necrosis34,37. It was observed 
that vascularized bone graft promotes bone healing 
in the proximal necrotic part of the fracture38. On 
the other hand, Pedicle grafts can be prepared as 
free vascularized bone grafts from the dorsal distal 
radius or medial femoral condyle39. The advantage 
of the medial femoral condyle graft is that it can 
contain enough cortico-cancellous bone tissue.

Limitations
There are some limitations in our study. Due 

to the insufficient number of patients in our study, 
the effect of smoking on union could not be eval-
uated. As the number of patients was not homoge-
neously distributed according to the fracture site, 
the evaluation of union rates differed greatly.

Conclusions

In order to prevent carpal instability and pre-
vent the development of arthritis, the union of 
scaphoid fractures should be achieved. There are 
different treatment options for each stage in treat-
ing scaphoid fractures. For patients with failure in 
diagnosis and treatment, percutaneous headless 
screw application is increasingly taking place in 
clinical practice as a simple, fast, and safe surgi-
cal option for suitable cases. In our study, in which 
both methods were compared, it was shown that 
the percutaneous screw option could also achieve 
similar results with ORIF and grafting patients in 
the appropriate patient selection.
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